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Editorial 


Long-Term Electric Pacemakers for Stokes-Adams Disease 


VHE MAJOR problem in Stokes-Adams 

disease remains the prevention of recur- 
ret seizures. Patients with atrioventricular 
block now ean be resuscitated from ventricu- 
lar standstill, tachycardia, and fibrillation by 
the new technics of external electric stimula- 
tion and external countershock defibrilla- 
tion.) ? Despite available pharmacologic meas- 
ures, however, attacks often recur and may 
be fatal. For assured prevention of seizures, 
whether due to ventricular standstill or fibril- 
lation, the unreliable intrinsic ventricular 
pacemaker must be replaced by a reliable elec- 
tric one to drive the ventricle continuously 
and indefinitely. 

Because of the desperate nature of these 
problems in some patients, attempts have al- 
ready been made by several investigators to 
provide a permanent electric cardiac pace- 
maker. We shall consider here the many prob- 
lems that must be recognized and solved be- 
fore this approach is widely used. 


External Stimulation 
External electric stimulation of the heart 
to arouse ventricular beats is most valuable 
in emergency resuscitation from ventricular 
stan:istill. It has been used continuously for 
over 2 weeks in patients with no intrinsic ven- 
trie: lar activity, and almost continuously for 
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periods up to 8 months in patients with fre- 
quently recurrent Stokes-Adams attacks. Long- 
term use of this technic is usually impractical, 
however, because of local pain from stimula- 
tion, and because of skin irritation and ulcera- 
tions from the electrodes. Intermittent rather 
than continuous stimulation would reduce the 
pain, but continuous cardiac monitoring would 
then be necessary to assure prompt resuscita- 
tion; the size of the apparatus would hamper 
freedom of movement and skin irritation 
would still oceur. 


Direct Stimulation 

Direct electric stimulation .with electrodes 
on or in the heart obviates the difficulties of 
long-term external stimulation: pain and skin 
irritation are eliminated. With a technic of 
continual long-term direct stimulation we en- 
visage that the ventricles would be driven con- 
tinuously and indefinitely, regardless of the 
presence or absence of intrinsic ventricular 
activity. Continual stimulation would not re- 
quire monitoring or automatic triggering de- 
vices ; it would provide an uncomplicated and 
reliable means of preventing recurrent Stokes- 
Adams attacks. Complete suppression of an 
intrinsic ventricular pacemaker by an artificial 
one or competition between them does not 
create clinical difficulties : some irregularity of 
rhythm may occur but is of no clinical import ; 
although the stroke volume of ectopic ventricu- 
lar beats may be somewhat diminished, ade- 
quate circulation can be maintained for long 
periods by an electric pacemaker. 

Direct electric stimulation of the heart does 
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carry a risk of ventricular fibrillation that is 
not present with external stimulation: stimuli 
applied directly to the heart may produce 
multiple ventricular responses and ventricular 
fibrillation.* These untoward responses are 


particularly likely to occur when the stimuli 
are well above threshold intensity or are 
longer in duration than the recommended 2 
to 3 milliseconds.* This phenomenon of mul- 
tiple responses to a single electric stimulus, 
however, has not been observed during exten- 
sive experimental and clinical experiences 
with external stimulation.‘ The reason for 
this difference between direct and external 
electric stimulation is not clear; it may be 
related to quantitative differences in the cur- 
rent applied to the heart in these two ways. At 
present, although the risk of fibrillation does 
not appear to be great, it cannot be definitively 
assessed. The technic of direct stimulation 
should, therefore, be used for appropriate 
patients but with care and with awareness of 
its potential hazard. 

Direct electric stimulation also carries a 
risk of ventricular fibrillation from technical 
accidents. When testing or recording instru- 
ments (oscilloscopes, galvanometers, electro- 
cardiographs) are attached to wires leading 
to the heart, small currents may leak from 
them and produce ventricular fibrillation. No 
such apparatus should be attached to wires 
leading to the heart until all the instruments 
have been properly grounded and the possible 
transfer of a small, unrecognized but poten- 
tially lethal current has been eliminated. We 
know of several instances in which transient 
fibrillation was inadvertently produced in this 
way. 

Weirich et al.® introduced a technic of im- 
planting a myocardial electrode for direct car- 
diac stimulation in patients who developed 
block after open-heart surgery. The myo- 
cardial electrode is connected by a wire 
traversing the chest wall to a small, portable, 
battery-powered pacemaker. Stimulation by 
this technic is painless and is particularly use- 
ful in these patients because the heart block 
is usually transient. Cardiac stimulation by 
this technic, however, usually becomes ineffec- 
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tive within 8 weeks because of a risi:e¢ 
threshold for stimulation, presumably due, 
tissue reaction around the myocardial e!| 
trode. Furthermore, with wires through 
skin there are significant risks of infecti 
trauma to the tissues, breakage, and ot! 
accidental loss of electric contact. These limi 
tions make this technic unsatisfactory for 
usual patients with chronic atrioventricu 
block and Stokes-Adams disease in whom lo: 
term stimulation is desired. Neverthel 
thoracotomies have been performed for 
application of this technic in several s 
patients, but it was useful only temporarily 
The problem of the rising threshold, wh 
is the major obstacle to long-term direct ¢ 
diae stimulation, is being studied intensiv: 
Hunter has developed a bipolar myocard.: 
electrode of stainless steel imbedded in a s:/i 
cone plastic (Dow Corning Corp. Sila: 
S$-2200) with which he has been able to stiniu- 
late the hearts of dogs and of 1 patient | 
several months. By now this electrode has 
been implanted in a number of other patieuits. 
We have devised myocardial electrodes of 
platinum insulated with Tefion with which 
stimulation has remained effective in the dog 
for over 8 months at the time of the last 
testing. If these technics prove successful and 
safe, then direct long-term electric stimulation 
of the heart, with all its implications of con- 
trol of Stokes-Adams disease, will become a 
feasible technic of great clinical promise. 
Direct cardiac stimulation has been accom- 
plished without thoracotomy by introducing 
a myocardial electrode by blind percutaneous 
puncture.” § This approach carries the risks 
of eardiac puncture, which include hemor- 
rhage and multifocal ventricular activity with 
fibrillation from the needle, and of infeciion. 
It also seems that movement of the wire with 
consequent sudden loss of effective stimulation 
would be a likely accident. Furthermore, this 
technic would seem useful only for short- erm 
purposes, since it does not overcome the } rob- 
lem of the rising threshold for stimulatio . 
Thoracotomy has also been avoided b. 
troducing a catheter containing a wire int 
right ventricular cavity by way of a pé 
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| or jugular vein.® Infection, thrombosis 

| embolism, cardiac damage, and cardiac 

‘hythmias are significant hazards that per- 

as long as the catheter is in place. Stokes- 

ams attacks have been prevented by such 

endocardial electrode for as long as 3 

nths in 1 patient. It would seem, however, 

\it the use of a myocardial electrode, even 

ugh it involves thoracotomy, would be less 

ardous and therefore preferable for long- 

+m eardiae stimulation. At the present time, 

‘xternal stimulation should prove intoler- 

e, for short-term purposes we would prob- 

v choose the technic of percutaneous pune- 

e to stimulate the heart directly, because it 

seems simpler and less hazardous than the use 
of an endoeardial electrode. 


The Rate of Stimulation 

Once the problem of direct, long-term elec- 
tric stimulation is solved, it must be decided 
at what rate to drive the heart. The usual 
idioventricular rate of 25 to 45 beats per min- 
ute in patients with complete heart block is 
adequate to prevent seizures and is compatible 
with normal activity for many years. Func- 
tionally, however, such rates are insufficient in 
that eardiae hypertrophy almost invariably oe- 
curs, and limitation of exercise tolerance and 
congestive failure often develop.’® It would 
seem, therefore, that driving the heart at a 
fixe rate between 70 and 90 beats per minute 
would provide a greater cardiae output with 
smaller stroke volume and would more ade- 
qua‘ely meet increased demands upon the 
heart, as with exercise. 

Recent workers have suggested the desira- 
biliiy of driving the heart at the natural, 
phy iologically variable sinoatrial rate rather 
tha: at an arbitrary fixed rate.) 12 Following 
the ead of Butterworth and Poindexter,’ by 
arti cial electronic means they have used the 
atri | impulse to stimulate the ventricle. These 
arti cial atrioventricular conducting schemes 
inv. ved 2 sets of wires through the chest wall 
and external electronic amplifiers and other 
dev es. In addition, safeguards were perforce 
incl’ Jed in the systems to prevent ventricular 
slow ng or tachyeardia in response to atrial 
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arrhythmias. It would seem, therefore, that 
the theoretical advantages of a physiologically 
variable rate over a fixed one are not sufficient 
to justify the complicated systems necessary 
at present. 

Attempts have also been made to restore 
atrioventricular conduction by surgical union 
of atrial and ventricular muscle. Erlanger,’ 
in 1909, and others subsequently found that 
this could not be done in experimental animals 
and a recent report of 1 clinical trial is un- 
convineing.’® 


The Pacemaker for Direct Stimulation 


Since the current necessary to stimulate the 
heart directly is relatively small, suitable pace- 
makers have been made that are easily port- 
able, being battery-powered and pocket-sized. 
In all the methods for direct stimulation that 
we have discussed, the pacemakers have been 
attached to the cardiac electrodes by wires 
traversing the skin, which introduced the risks 
of infection and trauma. For the patient with 
Stokes-Adams disease in whom we envisage 
life-long, continuous stimulation, once the 
problem of the rising threshold and the safety 
of direct stimulation are settled, this objec- 
tionable feature must be eliminated. 

We have developed a small, transistorized, 
battery-powered pulse generator and radio- 
frequency transmitter that transmits a signal 
through the skin to a small subeutaneous re- 
ceiver (a transistorized diode detector) from 
which wires deliver the stimulus to the heart. 
The feasibility of this technic was demon- 
strated by us experimentally,!® and since then 
a similar device was used by others for a short 
period in 1 patient.1*7 The primary disadvan- 
tage of this technic is the need for constant 
close apposition of the external transmitter 
and the subcutaneous receiver. 

Another way to avoid having the wires from 
the heart go through the skin is to attach them 
to a pacemaker buried under the skin. Other 
workers!® and we also have built miniature 
pacemakers containing long-lived batteries for 
subeutaneous implantation and have demon- 
strated in dogs the feasibility of this technic. 
Minor surgery would be necessary to replace 
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the unit before the batteries fail, at intervals 
variously estimated at present to be from 114 
to 5 years. In the future even this objection 
may be overcome by implanting a rechargeable 
battery and receiver with the pacemaker; at 
convenient intervals an external radio-fre- 
quency transmitter would be used to send a 
recharging current through the skin. At the 
present stage of development our rechargeable 
unit is too large to be buried subcutaneously. 


Indications for the Surgical Implantation 
of Electric Pacemakers 

It is to be hoped that the application of an 
appropriate myocardial electrode together 
with a subeutaneously implanted pacemaker 
will eventually provide a technic free of 
major objections for driving the heart con- 
tinuously and indefinitely. Until such a tech- 
nic has been repeatedly demonstrated to be 
successful and safe for prolonged periods, 
perhaps a year or more, it should be con- 
sidered an experimental procedure and re- 
served for patients in desperate circumstances. 

At the present time, therefore, medical 
measures to prevent recurrent seizures should 
be given a thorough trial.!® The sympathomi- 
metic amines (epinephrine, isoproterenol, 
ephedrine) are most useful when seizures are 
due to ventricular standstill, since they may 
arouse, accelerate, and maintain ventricular 
pacemakers and may also improve atrioven- 
tricular conduction. Vagolytie drugs (atro- 
pine) should be tried, particularly in patients 
in whom seizures appear to be related to vagal 
reflexes. Some recent experiences suggest that 
corticosteroids” or chlorothiazide may also be 
useful, perhaps through the increased excre- 
tion of potassium. There is no satisfactory 
pharmacologic agent now available for the 
prevention of Stokes-Adams seizures due to 
ventricular tachycardia or fibrillation. Drugs 
that depress ventricular rhythmicity (quini- 
dine, procaine amide, potassium) should not 
be used; they are contraindicated in patients 
with complete heart block. 

Patients who continue to have frequent 
seizures despite these measures may be con- 
trolled, at least for short periods, with pres- 
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ently available technics of electric stimulation 

externally; by an _ endocardial  electrod: 
through a catheter; or by a myocardial ele. 

trode placed by percutaneous puncture. Fo. 
patients who continue to have frequent, seve: 

seizures beyond the limits of these short-ter 

technics, the implantation of a myocardi: | 
electrode at thoracotomy may be justified ; 

the present time. 

If experiences in these desperate patients a 
successful, then the indications for this pr. . 
cedure would be broadened. Certainly it woul | 
be undertaken in patients who have suffer: 
recent Stokes-Adams attacks despite medic: 
therapy and who could tolerate thoracotom. . 
Finally, this procedure might at times be i - 
dicated to raise the ventricular rate and io 
improve cardiac function in patients with 
complete heart block who suffer from limita- 
tion of activity and congestive heart failure. 


Paut M. Zou. 
ARTHUR J. LINENTHAL 
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Clinical Recognition of Tricuspid Stenosis 


By Joseru K. Pertorr, M.D., anp W. Proctor Harvey, M.D. 


PINION differs regarding the accuracy 

with which a clinical diagnosis of tri- 
cuspid stenosis can be made. It has been 
stated that the recognition of tricuspid steno- 
sis was clinically feasible only in advanced 
cases,! and that the murmurs of tricuspid and 
mitral stenosis were indistinguishable.* Bed- 
side diagnoses were made in 12 of 15 cases in 
one series,® however, and in 11 of 12 cases in 
another.t There is evidence that the incidence 
of tricuspid stenosis has been underesti- 
mated** suggesting that the lesion, particu- 
larly early in its natural history, is still being 
overlooked. These oversights may contribute 
to the failure of improvement in some patients 
after mitral valvulotomy. It must also be 
noted that in stenosis of the tricuspid valve 
the transvalvular gradient is commonly small 
and unless the diagnosis is actively sought 
for, it ean be overlooked during routine ve- 
nous catheterization. Clinical suspicion of this 
lesion may thus underlie the success of physi- 
ologic studies in establishing the diagnosis 
and in assessing its severity. It is the purpose 
of this paper to evaluate the validity of clin- 
ical criteria upon which recognition of tri- 
cuspid stenosis might be based, emphasizing 
particularly the physical signs and their 
mechanisms, 


Materials and Methods 

Thirteen patients were studied, all personally 
seen by the authors. Careful attention was directed 
to the peripheral arterial pulse, to the jugular ve- 
nous pulse, to palpation of the precordium, and 
to auscultation of the heart. Five patients were 
seen at the Georgetown University Hospital, 6 at 
the Clinie of Surgery of the National Institutes of 
Health, 1 at the U. S. Naval Hospital, Bethesda, 


From the Department of Medicine, Georgetown 
University School of Medicine, Division of Cardiology, 
Georgetown University Hospital, Washington, D. C. 

Supported in part by grants from the U. 8S. Public 
Health Service, National Institutes of Health, Bethes- 
da, Md. (H-3319), Washington Heart Association, 
Metropolitan Heart Guild, and Special Cardiae Re- 
search Fund. 


and 1 at Walter Reed Army Hospital. In 12 
the cases the diagnosis of tricuspid stenosis \ 
made clinically either before catheterization 
without knowledge of the physiologic data. In t 
thirteenth case the diagnosis was known befo 
hand. In one of the earlier patients in this seri 
the diagnosis of tricuspid stenosis was made cli 
ically, was missed at catheterization, but w 
proved at autopsy. 

Aside from routine electrocardiograms, chest 
rays, and fluoroscopy of the heart, venous cath 
terization was performed in all patients, and k 
heart catheterization in 9. The diagnoses were fu 
ther confirmed at surgery in 8 patients, and :; 
autopsy in 2. The physiologic diagnoses of tricu 
pid stenosis were based principally on the erite: 
of Killip and Lukas.* The most refined technic 
our experience consisted of the use of a doub! 
lumen catheter with simultaneous right atrial and 
right ventricular pressure pulses inscribed froin 
the same base line on a photographic recorder after 
exercise and during deep respiratory excursions. 
The transvalvular gradient, exaggerated by exer- 
cise, was further magnified during inspiration. It 
should be emphasized that simple continuous re- 
cording of pressure while the catheter was pulled 
from the right ventricle into the right atrium was 
a relatively insensitive method and could oceasion- 
ally miss significant tricuspid stenosis. 

In 12 of the 13 patients thoracie wall logarhyth- 
mie phonoeardiograms were taken with either a 3- 
channel Cambridge model or a Sanborn Twin-Beain 
recorder at paper speeds of 50 to 75 mm. per see- 
ond. In 3 patients intracardiae phonoeardiograuis 
were taken with a catheter-tip microphone.* Indi- 
rect carotid and jugular venous pressure pulses 
were taken with a pulse wave amplifier attached 
to the neck with a suction cup. In 8 patients, simul- 
taneous right atrial and right ventricular pressure 
pulses were inscribed on a cathode-ray recorder or 
on a Sanborn Twin-Viso recorder. Simultaneous 
left atrial and left ventricular pulses were obtained 
by means of the bronchoscopic technic of left he:rt 
catheterization.t Retrograde aortie catheterizati 
for the detection of aortic insufficiency was d: 
in the Clinie of Surgery of the National Heart 
stitute by the method of Braunwald and Morro 


*Manufactured by the American Electronies C 
pany, Philadelphia, Pa. 

7The left heart catheterizations were done by 
Andrew G. Morrow, Chief, Clinie of Surgery, Nati 
Institutes of Health, Bethesda, Md. 
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Table 9 





Pure TS with TS with PA pres- Rt. atrial 
TS slight moderate sure pressure 
TI TI (mm. Hg) (mm. Hg) 


+ 16/6 
(12)* 


20/10 
(13) 


20/6 
(11) 
50/25 
(33) 
100/50 
(67) 


39/19 

(25) 

25/10 A 18-20 
(15) 1 5-7 
32/10 A 10-12 
(17) V 3-4 


85/40 A 16-20 
(55) V 14-19 
42/23 All 

(27) V4 
66/32 Atrial fib. 
(44) V 15-19 
24/10 A 11-13 
(18) V6 


67/41 Atrial fib. 


(50) (9) 


Tricuspid 
gradient MS with 
(mm. Hg) or slight to LA or 
orfice moderate PC\P 
size MI (mm. ‘Ig) 


— 


4-5 _ Post e 
ercise 
PCVP ‘0 
Post e: 
ercise 
PCVP 0 
LA (« 


LA (2 


Fingertip PCVP (20) 


2 em.” 


3-4 


Surgery, 
fingertip 


Moderate 


53 em. Slight 


4-5 Slight 


5 
Autopsy, 
orifice 
1% fingers 


*Figures in parentheses represent the mean value. 

Abbreviations: TS, tricuspid stenosis; TI, tricuspid insufficiency; PA, pulmonary artery; 
MS, mitral stenosis; MI, mitral insufficiency; LA, left atrial; PCVP, pulmonary capillary 
venous pressure; AS, aortic stenosis; AI, aortic insufficiency. A = ‘‘a’’ wave; V = ‘‘v’?’ wave. 


Results 

Age and Sex 

There were 12 women and 1 man, ranging 
in ages from 19 to 42 years, with a mean age 
of 30 years. 
History 

There was a convincing history of ante- 
cedent rheumatic fever in 9 cases, a sugges- 
tive history in 3 cases (1 had chorea alone), 
and no historical evidence of rheumatic fever 
in 1 other case. One patient was completely 
asymptomatic, 5 patients were slightly to 
moderately symptomatic, 5 were markedly 
symptomatic, and 2 were incapacitated. The 


classic picture of tricuspid stenosis in the dis- 
abled, fibrillating patient with hepatomegaly, 
jaundice, edema, and ascites, was present in 
only 2 instances. The distribution and fre- 
quency of specific cardiovascular symptoms 
are seen in table 1. 
Associated Valve Lesions 

Coexisting mitral valve disease was pre: 
in all except 1 case, and the aortic valve 
involved in all except 2. The tricuspid v 
was purely stenotic in approximately half 
eases (table 2). In 1 case studied clinic: 
physiologically, and at autopsy, it appe:’ 
that the presence of pulmonary hyperten 
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ic Data in Thirteen Cases of Tricuspid Stenosis 








M ral 
gr: ient 
(mm. {g) or 


or ice Pure 


e Al 


Moderate 


Mild 


Moderate 


Sur. ery, 
less ‘han 
fing rtip 
0.9 em? 


Moderate 


Surgery, 

less than 

fingertip 
18 


Moderate 


Slight 


Severe 


Autopsy, 
orifice 
fingertip 


Aortic gradient 
(mm. Hg) or 
orifice size 


Cardiac Index 
(L./Min./M.? BSA) 


Rest 1.7 
Exercise 1.6 


AS and AI 


Rest 2.5 
Exercise 5.0 


Rest 2.0 
Exercise 2.6 
AS, trivial AT Invalid 


AS, trivial AT Invalid 


Significant AI Rest 1.7 
Exercise 1.7 


Rest 2.5 


Rest 1.9 


Rest 1.6 


Rest 2.0 
AS, trivial AI Rest 1.5 
Exercise 2.0 


Invalid 


AS, trivial AT Autopsy, 
orifice less 


than fingertip 


Rest 1.66 





caused an anatomically stenotic tricuspid 
e to become insufficient as well. This pa- 
' had the highest pulmonary arterial pres- 
in the series (100/50, mean 67). In a 
ud ease, considered to have mild, pure 
ispid stenosis, the valve became insuffi- 
t after the onset of rapid, atrial fibrilla- 
and right ventricular failure, an obser- 
m similar to the experience of others.?° 
cases, the tricuspid stenosis was estimated 
e of greater hemodynamic severity than 
mitral stenosis, an incidence approximat- 
that of Gibson and Wood.? One of these 
nts had a ecaleulated tricuspid orifice 
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smaller than the calculated mitral orifice with 
surgical confirmation of these impressions. 
The other 3 patients (all of whom demon- 
strated mild to moderate aortic insufficiency) 
had normal postexercise mean left atrial pres- 
sures. One had no detectable transvalvular 
mitral gradient and no fluoroscopic evidence 
of left atrial enlargement. No patient in this 
series had isolated tricuspid stenosis. Only 5 
instances of this occurrence were found in the 


literature.3—: 11, 12 
Jugular Venous and Right Atrial Pressure Pulses 


The jugular venous pulse was analyzed at 
the bedside according to the following method, 
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Figure 1A 
A woman, age 34, with tricuspid and mitral stenosis. The right atrial and jugular venous 
pulses are similar in contour and illustrate the large “A” wave, small “V” wave, and 


gentle “Y” descent. 

without which correlation with the right at- 
rial pulse was occasionally poor.'*14 The 
internal jugular vein was observed with the 
upper half of the patient’s body elevated to 
the point that allowed the vein to empty and 
fill with the greatest amplitude (average 25° 
to 35° from horizontal). The contralateral 
carotid artery was gently palpated for tim- 
ing purposes. The patient’s head was rotated 
slightly toward the side of observation in or- 
der to relieve tension of the sternocleidomas- 
toid on the underlying internal jugular vein. 
Of the 11 patients with sinus rhythm the ‘‘A’’ 
Waves were giant in 5, marked in 6, and mod- 
est in none (table 2 and fig. 14). These rep- 
resented right atrial ‘‘A’’ waves of 14 to 20 
mm. Hg in 4 of the patients with giant ‘‘A’’ 
waves, 30 to 35 mm. Hg in the fifth patient, 
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and 10 to 13 mm. Hg in the 6 patients classi- 
fied as marked. The V waves were inconspicu- 
ous, and the Y descents imperceptible except 
in 2 eases with pulmonary hypertension and 
right ventricular failure. Each of the 12 pa- 
tients with established atrial fibrillation had 
an elevated V wave with a gentle Y descent, 
and the patient who began to fibrillate several 
weeks after catheterization had a similar jug 
ular venous pulse (fig. 1B). 
Pulmonary Arterial Pressure 

In 6 patients the mean pulmonary arter 
pressure was between 10 and 20 mm. Hg, i 
3 between 20 and 35 mm. Hg, and in the 
maining 4 it was 44, 50, 55, and 67 mm. 
(table 2). In the latter 4 patients the m: 
left atrial pressures were 30, 22, 32, and 
mm. Hg, respectively. 
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Figure 1B 


A woman, age 28, with trivalvular stenosis and atrial fibrillation. Jugular venous pulse 
illustrates gentle “Y” descent. Synchronous phonocardiogram at lower left sternal edge. 


alpation of the Precordium™ “ 

\ right ventricular lift was conspicuous in 
patients, and moderate in a fourth, who 
developed increasing congestive heart failure 
after the onset of atrial fibrillation. The sound 
of pulmonary valve closure was palpable in 
ouly 2 instances. A lower left sternal edge 
diastolie thrill, which either appeared or in- 
creased with inspiration, was present in 4 
cases. Palpation of the left ventricle and of 
mitral and aortie thril!s varied with the co- 
existing valvular diseases. 


”) 
e 


Auscultatory and Phonocardiographic Findings 
The first heart sound was obviously accen- 
tuated in 7 cases, moderately accentuated in 
and within normal limits in 3. In the case 
with no evident mitral valve disease, mitral 
valve closure was of normal intensity and tri- 
cuspid closure was moderately increased. The 
first sound was single in 6 instances and was 
split into mitral and tricuspid valve compo- 
nets? in 7 instances. The second heart sound 
Wa. singie in 10 instances, and split into pul- 
movie and aortic components in 3 instances. 
On of these latter cases had aortie stenosis 
an the second sound was _ paradoxically 
'S In 3 instances, the single second sound 
ie second left interspace was sufficiently 
to suggest pulmonary hypertension. An 
tional sound consistent with the opening 
1 of the tricuspid valve was recorded in 2 
nts (fig. 2) but was not appreciated by 
ultation. Identification of this sound was 
d on the following criteria: (1) its oe- 
ence 0.06 to 0.07 second after pulmonary 
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valve closure, an interval corresponding to 
the estimated duration of right ventricular 
isometric diastole, (2) the failure of the in- 
terval between the single second sound and 
the additional sound to increase with inspira- 
tion as it might if these events were aortic 
and pulmonic valve closures, (3) the identifi- 
cation of normal inspiratory splitting and 
expiratory synchrony of the second sound in 
1 of the 2 patients, and (4) the identification 
in both patients of a separate later sound with 
the timing of a mitral opening snap. The 
precedence in the cardiac cycle of tricuspid 
over mitral opening snap (first and fourth 
criteria) is at variance with statements of 
others!® and is based on the following obser- 
vations. In the dog, isometric right ventricu- 
lar diastole (the interval between closure of 
the pulmonary valve and opening of the tri- 
cuspid) is significantly shorter than isometric 
left ventricular diastole (the interval between 
closure of the aortic valve and opening of the 
mitral).1® The sequence of events of the ecar- 
diac cycle in the dog and in man is generally 
similar.2° Finally, the opening sound of the 
tricuspid valve that is believed to occur ocea- 
sionally in atrial septal defect 71°? has an 
early timing consistent with the foregoing 
contentions. 

In all patients the diastolic murmur of tri- 
cuspid stenosis was appreciated. This murmur 
was presystolic, with absent or trivial mid- 
diastolic components in the patients with 
sinus rhythm (fig. 3) and was mid-diastolic 
(rapid flow phase) in the 3 patients with 
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Figure 2 
A woman, age 29, with atrial fibrillation, trivalvular stenosis, and slight aortic insuffi- 
ciency. Upper left tracing recorded between apex and lower left sternal edge: opening 
snap (OS) considered to be mitral. Upper right tracing recorded at lower right sternal 
edge: opening snap (OS) considered to be tricuspid. Lower tracing recorded at pulmonic 
area (PA) to illustrate inspiratory splitting of aortic (A,) and pulmonic (P.) com- 
ponents of the second heart sound. 
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A woman, age 32, with tricuspid stenosis, mitral stenosis, and pure aortic insufficiency. 
Note inspiratory augmentation of the presystolic murmur. Phonocardiogram recorded 
at the lower left sternal edge. PSM, presystolic murmur; S,, first heart sound; Sz, second 
heart sound; OS, opening snap (here thought to be mitral); CAR, carotid pulse; DN, 
dicrotic notch. 
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Figure 4 
A woman, age 28, with atrial fibrillation, trivalvular stenosis, and trivial aortic insuff- 
ciency. Note inspiratory augmentation of the mid-diastolic murmur. Phonocardiogram 
recorded at the lower left sternal edge. M,, mitral component of the first heart sound; 
T,, tricuspid component of the first heart sound; S,, second heart sound; OS, opening 
snap; SM, systolic murmur; MDM, mid-diastolic murmur. 


atrial fibrillation (fig. 4). It was best heard 
at the lower left sternal edge, especially the 
fourth intercostal space, but occasionally in 
the third or fifth intercostal spaces. It charac- 
teristically increased during inspiration and 
decreased during expiration. The increment 
of change was often 2 to 3 grades. In several 
instanees the murmur was virtually inaudible 
during expiration, but was grade III during 
inspiration. The mitral stenotic murmur was 
heard best at the cardiac apex. When the 
stethoscope was ‘‘inched’’ from this area to 
the left sternal edge, there was often an aus- 
cultatory hiatus in which the murmur of mi- 
tral stenosis became faint or absent, followed 
by the appearance of the murmur of tricuspid 
st nosis as the left sternal border was reached. 
intracardiac phonocardiograms (fig. 5) 
ie on 3 patients revealed that the murmur 

s absent when the microphone was located 
the atrial side of the tricuspid valve, but 

*S grossly apparent when the catheter tip 
*$ advanced to the right ventricular side of 
valve, where it occupied a position in the 
ection of turbulent flow. The murmurs re- 
ded in the right ventricular cavity distal 
the tricuspid valve increased with inspira- 
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tion and decreased with expiration. They dif- 
fered from the thoracic wall phonocardio- 
grams in 2 respects: (1) the increased inten- 
sity of the presystolic component, and (2) 
the appearance of a mid-diastolic component. 
Hemodynamic Observations 

Simultaneous right atrial and right ven- 
tricular pressure pulses were recorded in 8 
patients in this series, 6 with sinus rhythm 
(fig. 6), and 2 with atrial fibrillation (fig. 
7). Simultaneous left atrial and left ventric- 
ular pressure pulses were recorded* in 5 addi- 
tional patients with mitral stenosis, (3 with 
sinus rhythm, and 2 with atrial fibrillation) 
1 of which was in this series. The tricuspid 
transvalvular gradient increased with inspira- 
tion and decreased with expiration. In 5 cases 
this was due both to a fall in right ventricular 
diastolic pressure and to a concomitant rise 
in right atrial pressure. In 2 cases it was due 
principally to a fall in right ventricular dias- 
tolic pressure, the right atrial pressure re- 
maining unchanged or falling only slightly. 
In 1 case the gradient increased due to a rise 


G. Morrow, Chief, Clinic of Surgery, National Insti- 
tutes of Health, Bethesda, Md. 
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Figure 5 


A woman, age 34, with tricuspid and mitral stenosis. Upper tracings are thoracic wall 
phonocardiograms recorded at the lower left sternal edge (LSE) to illustrate inspiratory 
increase of the presystolic murmur (PSM). Lower series are intracardiac phonocardio- 
grams. With the microphone in right ventricle (RV) the mid-diastolic and presystolic 
murmurs increase with inspiration. In the right atrium (RA) no diastolic murmur is 
recorded even during inspiration. The MSM is a midsystolic murmur across a stenotic 
aortic valve, well recorded in RA because of its anatomic proximity to the aorta, “X” 
is an artifact. 
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Figure 6 
A woman, age 32, with tricuspid and mitral stenosis, and pure aortic insufficiency. Note 
selective inspiratory increase in tricuspid transvalvular gradient due to concomitant rise 
in right atrial (RA) pressure and fall in right ventricular (RV) pressure. RA and RV 
pressure pulses recorded simultaneously through a double-lumen catheter. (Courtesy, 
Dr. Andrew G. Morrow.) 
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Figure 7 
A woman, age 29, with atrial fibrillation, trivalvular stenosis, and slight aortic insuffi- 
ciency. The inspiratory fall and expiratory rise in right ventricular (RV) diastolic pres- 
sures are not paralleled by pressure changes of equal magnitude in the right atrium 
(RA), resulting in an inspiratory increase and expiratory decrease in tricuspid trans- 
valvular gradient. The RA and RV pulses were recorded simultaneously through a double- 
lumen catheter. (Courtesy, Dr. Andrew G. Morrow.) 


in right atrial pressure without change in 
right ventricular diastolic pressure. When 
similar pulses were recorded in 3 cases with 
the chest opened during surgery, these respi- 
ratory variations in transvalvular gradient 
failed to oeeur. The diastolic gradient across 
the »nitral valve remained unchanged during 
the respiratory eyele, since the inspiratory 
and expiratory changes in the left atrial and 
left ventricular diastolic pressures were of 
equ: | magnitude (fig. 8). 
The ‘lectrocardiogram (fig. 9) 

F oven eases had sinus rhythm (1 patient 
beg: . to fibrillate under observation) and 2 
stablished atrial fibrillation. Electrocar- 
iphie evidence of right ventricular hy- 
phy was unequivocably evident in none 
» patients, although 4 had vertical elec- 

axes. Left ventricular hypertrophy 
red in 4 instances, and an additional 
nt had left axis deviation. When atrial 
gement was diagnosed according to the 
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criteria of P-wave amplitude,” P-wave con- 
figuration,?* or P/P-R ratio,?> isolated right 
atrial enlargement was present in 3 of the 
eases, and biatrial enlargement was present 
in 7 eases. One patient had a QR pattern in 
Vi, suggesting right atrial enlargement based 
on the observations of Sodi-Pallares.*® 
X-rays (fig. 10) 

The posteroanterior projection was found 
to be the most rewarding.*? In this view the 
portion of the right cardiac contour occupied 
by the right atrium was moderately to mark- 
edly enlarged, and the portion of the left 
cardiae contour occupied by the pulmonary 
artery segment was only slightly to modestly 
enlarged. Calcification of the tricuspid valve 
was not identified in any case. 


Discussion 
Although the reported incidence of tricus- 
pid stenosis*®* does not necessarily reflect the 
frequeney with which this lesion is of hemo- 
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Figure 8 
A woman, age 28, with mitral stenosis and mild aortic stenosis. The inspiratory fall and 
expiratory rise in diastolic pressure in the left ventricle (LV) is paralleled by pressure 
changes of equal magnitude in the left atriwm (LA) leaving the mitral transvalvular 
gradient unchanged during respiration. BA, brachial artery. (Courtesy, Dr. Andrew G. 


Morrow.) 


dynamic significance, our data do suggest that 
proper assessment of physiologic severity 
often depends upon the initial clinical index 
of suspicion. Careful attention to the history, 
to the entire spectrum of physical signs, to 
the electrocardiogram, and to the x-ray, should 
allow a confident diagnosis in a substantial 
majority of cases. 

The first feature that might arouse sus- 
picion is the history in a patient with mitral 
stenosis, who, although perhaps dyspneie and 
orthopneic, displays a relative paucity of 
acute paroxysmal symptoms such as pulmo- 
nary edema, paroxysmal nocturnal dyspnea, 
and the pulmonary apoplexy type of hemop- 
tysis.14 This could result from an attentuat- 
ing effect of the tricuspid obstruction on 
abrupt increases in blood fiow into the lesser 
circulation. This assumption might also un- 
derlie previous observations that in more 
advanced cases of tricuspid stenosis incapac- 
ity may not be so pronounced as one would 
expect from the recurrent hepatomegaly, 


ascites, and edema.** Although the suggestion 
of the ‘‘protective’’ role of the stenotic tri- 
cuspid valve has been commented upon,” ‘ it 
appears that from the symptomatic point of 
view it may be the paroxysmal features of 
pulmonary symptomatology that are most fre- 
quently attenuated. 

It is in the physical signs, however, that 
the highest index of suspicion is aroused. The 
peripheral arterial pulse (brachial and carot- 
ids were routinely palpated) was of interest 
in two respects. First, to emphasize that the 
prominent pulsation seen in the neck was 
venous and not arterial, and second, to detect 
evidence of aortic insufficiency (especially 
the pulsus bisferiens**) as an aid in distin- 
guishing a left parasternal early diastolic 
murmur from a Graham-Steell. The pulse 
most rewarding to analyze was that seen in 
the internal jugular vein. The typical tricus- 
pid stenotic jugular venous pulse with si:ius 
rhythm (fig. 14) consisted of an ‘‘A’’ wave 
of unusual magnitude, occasionally reach ng 
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Figure 10 
Six representative x-rays (cases 2,7, and 5 (upper); cases 4, 10, and 8 (lower) ) illus- 
trating mild to marked enlargement of the right atrial contour (RA) associated with 
only modest enlargement of the pulmonary artery segment (PA). Left atrial appendage 


(LA). 


the angle of the jaw, a small ‘‘V’’ wave, and 
a gentle, usually imperceptible ‘‘Y’’ descent.* 
The patient may report awareness of this 
large venous pulse, which may become still 
more conspicuous during effort or excitement. 
Although it has been said that a giant ‘‘A’’ 
wave is of limited value in the diagnosis of 
tricuspid stenosis because of its occurrence in 
other conditions, we think that analysis of 
this pulse configuration in proper context can 
alone be virtually diagnostic of tricuspid val- 
vular obstruction.*: 7° In an acyanotie patient 


isolated ‘‘A’’ waves of giant proportion un- 
associated with ‘‘V’’-wave elevation or in- 
creased rate of fall of the ‘‘Y’’ descent are 
seen only if the right atrium contracts against 
a resistance at the tricuspid orifice, or if it 
contracts against the resistance offered by a 
severely hypertensive but nonfailing right 


ventricle. If this pulse contour is observed, 
therefore, the diagnosis of tricuspid stenosis, 
pulmonary stenosis, or pulmonary hyperten- 


sion can immediately be suspected. Pulmonic 
stenosis should cause no confusion in the 
cases under consideration. In the presence of 
pulmonary hypertension of sufficient severit) 
to generate the giant ‘‘A’’ wave, one almost 
invariably can feel a heaving lift of the right 
ventricle in the third and fourth intercostal 
spaces along the left sternal edge, and a pal- 
pable shock of accentuated pulmonary valve 
closure.2° The finding of an isolated, domi- 
nant giant ‘‘A’’ wave in the jugular venous 
pulse unassociated with either a_ palpable 
right ventricle, a palpable pulmonary secon« 
sound, or a thrill of pulmonic stenosis, is i: 
itself strong presumptive evidence that the 
resistance generating the ‘‘A’’ wave is at the 
level of the tricuspid valve. The availabilit 

of this sign is emphasized by the frequenc 

with which sinus rhythm occurred when th 

diagnosis of tricuspid stenosis was made re 

atively early in the course of the disease. Wit : 
atrial fibrillation analysis of the jugular v 
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is pulse is still valuable but more difficult 
issess. The stenotic tricuspid valve elevates 
right atrial pressure and impedes its rate 
fall in a manner analogous to the effect of 
‘ral stenosis on the left atrial pressure 
se.“ Henee, an elevated ‘‘V’’ wave and 
rentle ‘‘Y’’ descent in the jugular venous 
se are the only clues of tricuspid stenosis 
the presence of atrial fibrillation (fig. 1B). 
\t this point in the physical examination 
‘should earry palpation of the precordium 
the lower left sternal edge to seek the tri- 
spid stenotic thrill. The fingertips should 
e.plore the area carefully being aware that 
the thrill not only may be exceedingly limited 
i loeation, but typically will inerease with 
inspiration and decrease with expiration. 
Auseultation is the most important phase 
of the examination and is even more reward- 
ing when applied with the heightened index 
of suspicion allowed by the foregoing physical 
signs. Evidence of dominant mitral stenosis 
is almost always present. It appears that tri- 
cuspid stenosis occurs so uncommonly with 
dominant mitral insufficiency that the diag- 
nosis of this combination should be considered 
with eaution.2 The first heart sound at the 
cardiae apex and lower left sternal edge was 
either moderately accentuated or normal in 
6 of the 13 eases. Absence of consistent, ob- 
vious aceentuation may be related to the rela- 
tively frequent prolongation of P-R interval 
(fiz. 9) associated with the right atrial en- 
largement?> of tricuspid stenosis. The first 
heart sound was often split (7 instances) 
probably due to concomitant delay in both 
miiral and tricuspid components (figs. 2 and 
+) It is important to distinguish the tricuspid 
coiuponent of the first heart sound from a 
pu'monie ejection sound,*? which might occur 
h pulmonary hypertension. The ejection 
nd is high-pitched, clicking, best heard in 
pulmonary area or subjacent intercostal 
ce, and often decreases with inspiration 
| increases with expiration. 
The second heart sound in tricuspid steno- 
is important in two respects. Firstly, the 
| ensity of the pulmonic component or the 
« mulative intensities of synchronous aortic 
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and pulmonic components heard in the second 
left intercostal space should be used as evi- 
dence for or against pulmonary hypertension. 
Since aortic insufficiency is not uncommonly 
associated with tricuspid stenosis, the differ- 
entiation of the murmurs of aortic and pul- 
monie insufficiency should be re-emphasized. 
Secondly, in this series of cases respiratory 
splitting of the second heart sound occurred 
in only 3 instances. This suggests that in the 
presence of tricuspid valve obstruction the 
inspiratory augmentation of right ventricular 
filling may be impeded, and hence the inspira- 
tory increase in right ventricular stroke vol- 
ume and the inspiratory de!ay in pulmonary 
valve closure may not readily occur.** 
Following the second heart sound the tri- 
cuspid opening snap** may be generated (fig. 
2). Because the value of this sign has been 
emphasized,*° it was repeatedly sought for, 
but not convincingly appreciated by auscul- 
tation in any of our cases. It was, however, 
considered to have been recorded in two in- 
stanees. Although the opening snap of the 
tricuspid valve can thus occasionally be re- 
corded, its value in the clinical diagnosis of 
tricuspid stenosis is likely to be limited. 
The most important auscultatory sign is the 
tricuspid stenotic murmur itself. Our studies 
suggest that in the majority of cases this mur- 
mur ean be clearly distinguished from the aec- 
companying murmur of mitral stenosis. Aus- 
cultation should begin at the cardiae apex, 
where the murmur of mitral stenosis is most 
evident, and proceed in small increments 
toward the lower left sternal edge. The mitral 
murmur will often fade between the apex 
and left sternal edge before the tricuspid 
murmur becomes evident. The area where the 
murmur of tricuspid stenosis should be 
sought is, then, along the lower left sternal 
edge, usually localized to the fourth or fifth 
intercostal spaces, but occasionally heard in 
the third interspace. It is imperative to 
emphasize this point, since it is still gen- 
erally stated** that the tricuspid area is 
along the right sternal edge or over the 
xiphoid. The anatomic position of the tricus- 
pid valve, especially in the presence of right 
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atrial enlargement, together with the right- 
to-left direction of the jet across this stenotic 
valve, make the lower left sternal edge the 
appropriate area for auscultation of the mur- 
mur of tricuspid stenosis. Since the area in 
which the murmur is appreciated might be 
exceedingly limited, a careful geographic 
search of the region must be made. 

In those eases of sinus rhythm the murmur 
was predominantly, if not exclusively, pre- 
systolic (fig. 3). A mid-diastolie component 
was either trivial or absent, although record- 
able with an intracardiac microphone in the 
right ventricle (fig. 5). Since the P-R interval 
is commonly prolonged in tricuspid stenosis, 
probably reflecting right atrial enlargement,”® 
the presystolic murmur is often remarkably 
discrete. The patient in this series in whom 
the auscultatory diagnosis of tricuspid steno- 
sis was most difficult was the only one with a 
short P-R interval resulting in a very brief 
period between onset of presystolic murmur 
and first heart sound (fig. 9, parts 10a and 
10b). In atrial fibrillation the tricuspid ste- 
notice murmur begins earlier in diastole dur- 
ing the rapid flow phase (fig. 4). It may then 
continue with decreasing intensity up to the 
subsequent first heart sound. 

The quality of the murmur of tricuspid 
stenosis was not uncommonly indistinguish- 
able from that of the mitral stenotic murmur, 
but one occasionally got the impression that 
the tricuspid murmur was more superficial 
and higher pitched than the murmur of mi- 
tral stenosis.*?° However, the only consis- 
tently reproducible way to distinguish these 
two stenotic murmurs was to analyze their re- 
spective variations in intensity during in- 
spiration and expiration (figs. 3 and 4). Car- 
vallo, in 1950,3* applied his observations on 
tricuspid insufficiency to the murmur of tri- 
cuspid stenosis, stating ‘‘the maneuver con- 
sists of making the patient inspire deeply and 
then hold the breath in post inspiratory ap- 
nea. This produces an increase in the inten- 
sity of the diastolic murmur.”’ It is this in- 
spiratory augmentation of intensity that is 
the most valuable auscultatory sign in the 
diagnosis of tricuspid stenosis.*: * It should be 
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pointed out, however, that the most produc. 
tive method of eliciting this sign is by listen. 
ing while the patient is instructed to un:ler- 
take moderately deep, slow, but contin: ous 
respiratory excursions. If the breath is |:eld 
for any length of time in either inspirai on, 
expiration, or in the respiratory mid-posit on, 
the sign may be lost. Although Carvallo’s } :sic 
observation is abundantly valid, it is . 
ing the active inspiratory effort that 
murmur increases in intensity, and if 
breath is held in inspiratory apnea the in 
sity may fade. The inspiratory augmenta 
may be of the magnitude of two or tl 
grades, and not uncommonly may be gr: 
IIT on inspiration but virtually inaudiblk 
expiration. The intensity increase may 
present for a series of cycles, or it may oc: 
for only one or two beats at the very ons 
of inspiration. Since occasionally all aus 
tatory events increase with inspiration, it 
must be emphasized that it is the seleciive 
inspiratory augmentation of the murmur that 
is peculiar to tricuspid stenosis. This must 
occur without an increase in other acoustic 
events unless there is coexisting tricuspid in- 
sufficiency, in which case both tricuspid mur- 
murs will wax and wane with respiration. 

It has been stated’? that with the severest 
degree of tricuspid stenosis systemic venous 
pressure may already be so excessive that the 
inspiratory increase might be inconsequential, 
thus leaving the murmur uninfluenced by res- 
piration. That this need not necessarily be a 
consequence of severity is suggested by ob- 
servations in this and in other studies,‘ indi- 
cating that the inspiratory increase in tri- 
cuspid gradient can be due solely to a fall in 
right ventricular diastolic pressure, the right 
atrial pressure remaining unaltered. The 
murmur of mitral stenosis either remains un- 
changed or gets fainter during inspiration. 
An exception to this might be the patient 
with mitral stenosis and marked sinus ar- 
rhythmia. With shortening of the diastolic 
filling period during the inspiratory increase 
in cardiac rate the mitral stenotic murnur 
might increase just as it increases when ‘he 
rate is accelerated by other maneuvers.** ‘)c- 
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»2-ional instances have been reported in which 
mitral stenotic murmur has increased with 
piration.?® %8 If it is assumed that tricuspid 
nosis had not been overlooked in these 
~es and that this inspiratory augmentation 
s not associated with a sinus arrhythmia 
accompanied by increased intensity of 
er auscultatory events, an explanation is 
readily forthcoming. This discrepancy is, 
wever, likely to be an uncommon occur- 
Pelee. 
The mechanism underlying the inspiratory 
invrease in the murmur of tricuspid stenosis 
opposed to the murmur of mitral stenosis 
was considered in the following fashion. All 
‘truetures in the thorax should share equally 
the respiratory variations in intrathoracic 
pressure.2® Therefore, during inspiration as 
the pressure in the cardiac chambers de- 
creases, the pressure in the right side of the 
heart falls below that in the extrathoracic sys- 
temie veins, but the pressure in the left side 
of the heart falls equally with that in the in- 
trathoracic pulmonary veins. Hence, there is 
a selective inspiratory increase in systemic 
venous filling pressure and a selective inspira- 
tory increase in right heart filling. This is 
thought to be the major cause of the increase 
in the right ventricular stroke volume that 
gives rise to the delay in pulmonary valve 
closure, resulting in normal inspiratory split- 
ting of the second heart sound.*® 
In tricuspid stenosis the inspiratory in- 
crease in right ventricular filling is altered 
by the valvular obstruction. When simulta- 
neous right atrial and right ventricular pres- 
sure pulses are recorded through a double- 
lumen catheter, the transvalvular gradient is 
seen to inerease during inspiration and to de- 
crease during expiration (figs. 6 and 7). Since 
the inspiratory increase in gradient occurs in 
th» presence of a constant orifice size, there 
mist be an inspiratory increase in transval- 
v lar flow, which is reflected in the inspira- 
tcry inerease in tricuspid stenotic mur- 
mur.& 4! As an augmented volume of blood 
e: ters the right atrium during inspiration, the 
Ss: notice lesion impedes its free entry into the 
rzht ventricle. Therefore, the pressure in 
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the right atrium instead of falling in parallel 
with the diastolic pressure in the right ven- 
tricle, either falls only slightly, remains un- 
changed, or increases. These alterations were 
observed with either sinus rhythm or atrial 
fibrillation. When the respiratory fluctuations 
of intrathoracic pressure were abolished by 
opening the chest at operation, the respiratory 
effect on the tricuspid transvalvular gradient 
was abolished. 

Further to establish that the diastolic 
stenotic murmur which possesses the prop- 
erty of selective inspiratory augmentation 
was located at the tricuspid orifice, 3 patients 
were studied by intracardiac phonocardiog- 
raphy (fig. 5). With the microphone lying in 
the right atrium no murmur was recorded, 
but when the microphone was advanced to a 
point just distal to the tricuspid valve, the 
stenotic murmur was grossly apparent, identi- 
fying it as tricuspid in origin. Respiratory 
tracings revealed that this murmur increased 
with inspiration and decreased with expira- 
tion in a fashion similar to what was consid- 
ered to be the tricuspid stenotic murmur re- 
corded by the thoracic wall microphone. In an 
application of the foregoing reasoning to the 
mitral valve, simultaneous left atrial and left 
ventricular pressures were recorded in the 
closed chest in 5 patients with mitral stenosis, 
3 with sinus rhythm, and 2 with atrial fibril- 
lation. The inspiratory fall and expiratory 
rise in intrathoracic pressure were reflected 
in these pulses with equal magnitude (fig. 8). 
Even though there were considerable respira- 
tory changes in left ventricular diastolic and 
left atrial pressures, there was no change in 
transvalvular gradient. This is in accord with 
the observation that the mitral stenotic mur- 
mur does not selectively increase with inspira- 
tion. 

Although the commonest cause of tricuspid 
stenosis is rheumatic fever (table 1), the le- 
sion has been reported as a consequence of 
earcinoid,*? endocardial fibroelastosis,** endo- 
myocardial fibrosis,** and systemic lupus ery- 
thematosus.® In the presence of a normal valve 
the orifice may be obstructed by such a lesion 
as myxoma of the right atrium, which has 
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been reported to produce a murmur appar- 
ently identical in its respiratory variations 
with the murmur of organic tricuspid steno- 
sis. 

Not all tricuspid diastolic murmurs are 
caused by valvular obstruction. Flow mur- 
murs across the tricuspid orifice may occur in 
atrial septal defect,2! but do not wax and 
wane with respiration. Occasionally rapid 
atrioventricular flow in the presence of tricus- 
pid incompetence may generate a tricuspid 
diastolic murmur,*® a situation analogous to 
the short mitral diastolic murmur in some 
cases of pure mitral incompetence.** 48 Fas- 
cinating in concept is what has been called 
the ‘‘right-sided Austin Flint’? murmur in 
cases of pulmonary insufficiency.*® Finally, in 
some cases of right ventricular hypertrophy 
without tricuspid incompetence a diastolic 
rumble has been described for reasons yet 
poorly defined.*” 

The clinical diagnosis of tricuspid stenosis 
rests most securely on the physical signs. The 
electrocardiogram and x-ray were important, 
however, from confirmatory points of view. 
In evaluation of the large ‘‘A’’ wave in the 
jugular venous pulse it is necessary to exclude 
significant right ventricular hypertension. 
Absence of electrocardiographie evidence of 
right ventricular hypertrophy assists in this 
exclusion. The most consistent electrocardio- 
graphic pattern was the combination of nega- 
tive evidence of right ventricular hypertrophy 
in lead V;, and positive evidence of right at- 
rial enlargement in lead II (fig. 9). The most 
rewarding x-ray was the simple posteroante- 
rior view (fig. 10). The combination of only 
slight to modest enlargement of the pulmo- 
nary artery segment associated with the con- 
tour of an enlarged right atrium along the 
lower cardiac silhouette was of value in sug- 
gesting that the right atrial enlargement was 
not due to significant pulmonary hyperten- 
sion, and hence was of further help in assess- 
ing the large ‘‘A’’ waves. 

In consolidation of the features in the fore- 
going discussion attention should be directed 
to the following points in the clinical recogni- 
tion of tricuspid stenosis: (1) the patient is 
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usually female, commonly considered to | 
rheumatic mitral stenosis; (2) there is a 

tive paucity of paroxysmal pulmonary s) up. 
toms, and occasionally the patient ma be 
aware of the pulsating ‘‘A’’ wave in the » ck: 
(3) examination of the jugular venous | «lse 
in sinus rhythm reveals an abnormally |: rge, 
often giant, ‘‘A’’ wave, a shallow ‘‘V”’ . ave 
and gentle ‘‘Y’’ descent, or in atrial fib: 'lla- 
tion reveals an elevated ‘‘V’’ wave wi 'i a 
gentle ‘‘Y’’ descent, these occurring in the 
absence of the physical, electrocardiogra 

or radiologic signs of right ventricular h) 
tension; (4) dominant mitral stenosi 
likely to be present, although the aortic \ 
may be either uninvolved, purely sten 
purely insufficient, or a combination of b 
(5) auscultation in the area along the |: 
left sternal edge will reveal principally 
exclusively a presystolie murmur with sinus 
rhythm, or a mid-diastolie murmur with ai rial 
fibrillation, each of which selectively increases 
with inspiration and decreases with expira- 
tion; auscultation of the second heart sound 
during active respiration generally will reveal 
absence of inspiratory splitting; (6) the elec- 
trocardiogram may reveal evidence of right 
atrial enlargement without right ventricular 
hypertrophy ; and (7) a posteroanterior view 
of the chest may reveal only modest enlarge- 
ment of the pulmonary artery segment in the 
presence of right atrial enlargement. 


Summary 

Clinical criteria for the recognition of tri- 
cuspid stenosis were studied in 13 cases, all 
personally observed by the authors. The re- 
sults suggest that application of these criteria 
not only allows a confident diagnosis of tri- 
cuspid stenosis in a substantial majority of 
cases, but also allows the lesion to be recog- 
nized relatively early in its natural history. 
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Addendum 


ice this article was submitted for publication the 
aut ors have seen 2 more patients in whom tricuspid 
ste: osis was diagnosed clinically and confirmed by 
ear jae eatheterization. One patient, studied at 
Gec getown University Hospital, was a woman, age 
42, vith atrial fibrillation, coexisting mitral and aortic 
stenosis, and mild aortie regurgitation. The other 
cas , studied at the National Heart Institute, was a 
woman, age 34, with sinus rhythm, coexisting mitral 
stenosis, and mild pure aortic regurgitation. The clin- 
ica! and physiologie data in these additional eases 
were similar in all basie respects to the observations 
contained in this report. 


Summario in Interlingua 


Ksseva studiate in 13 casos, omnes personalmente 
observate per le autores, le eriterios clinie pro le 
recognition de stenosis tricuspidal. Le resultatos pare 
indicar que le application del ecriterios assi trovate 
permitte non solmente le establimento del diagnose de 
stenosis tricuspidal con alte grados de confidentia in 
un forte majoritate del casos sed etiam le recognition 
del lesion a un periodo relativemente precoce de su 
historia natural. 
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The Dynamics of Rheumatic and Calcific 
Aortic Valve Disease 


A Postmortem Study with the Use of the Pulse Duplicator 


By RicuHarp R. KEuuEy, M.D., FArRFIELD GOODALE, JR., M.D., AND 
BENJAMIN CASTLEMAN, M.D. 


ECAUSE of recent advances in surgical 

technics, extracorporeal circulation, car- 
‘iac catheterization, and anesthesia, cardiac 
urgery has become established in many med- 
val centers throughout the world. Since many 
/perations on the heart involve plastic recon- 
truetion of diseased valves, a more complete 
inderstanding is needed of their function 
under normal and pathologic circumstances. 
Most reports describing aortic stenosis and 
regurgitation have been based on gross ob- 
servations of postmortem specimens examined 
by the usual pathologie technics.® Such an 
examination reveals little of the valvular func- 
tion during life, and the pathologist can only 
roughly estimate the degree of stenosis and 
regurgitation. 

A far better evaluation of diseased aortic 
valves can be made by a study of the heart 
post mortem on a pulse duplicator, which sim- 
ulates valvular action under conditions re- 
sembling those existing during life. Work in 
this field was begun in 1952 by MeMillan et 
al.,” § who perfused the ventricular chambers 
of hearts with a pulsatile flow and were able 
to photograph the aortic valve closing and 
opening under pressure created within the 
ventricle. In 1956 Davila et al.® developed a 
similar, but more elaborate machine. In 1955 
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Goodale and Shaw’ in this laboratory meas- 
ured pressure gradients across perfused valves 
to obtain a more accurate, quantitative func- 
tional evaluation. These studies were used by 
Austen, Shaw, Scannell, and Thurlbeck" as a 
basis for evaluating aortic valvulotomy. The 
present report describes a continuation of that 
work, with use of improved methods of study- 
ing valvular action and with measurements of 
simple pressure-flow relations across the heart 
valves. 


Materials and Methods 


During a period of 18 months 23 hearts with 
aortic valve disease due to rheumatic or calcific 
alterations were successfully perfused and studied 
on a pulse duplicator (figs. 1 and 2). Lucite 
cannulas were tied into the left atrium and proxi- 
mal aorta of unopened hearts removed at autopsy. 
The coronary arteries were ligated at their origin, 
and the pericardium was removed. Water was 
perfused through one side of the heart by a cen- 
trifugal pump. A series of throttle valves allowed 
rapid change in the direction of flow to study 
regurgitation or stenosis without changing the 
cannula connections. Pressures on both sides of 
the valves were determined with water manome- 
ters. Intraventricular pressures were taken with 
small polyethylene catheters. The rate of flow 
was measured with a flow meter. 

After pressure-flow relations were recorded, 
the movements of the valve were studied and 
photographed while the heart was perfused with 
a pulsatile flow. A solenoid-operated valve con- 
trolled by an electronic timer changed the steady 
flow of the centrifugal pump into a pulsatile flow. 
When the solenoid valve opened, water rushed 
past the aortic valve simulating the systolic ejec- 
tion of blood. During diastole the flow of water 
was stopped and a second solenoid valve opened 
to relieve the pressure within the ventricle and 
allow the aortic valve to close. It was possible 
to vary the duration of both systole and diastole. 
After passing the aortic valve, the water was 
shunted through a simulated circulatory system, 
in which a variable valve created peripheral re- 
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Figure 1 
Diagram of the pulse duplicator used for study 
of the aortic valve. Throttle valves allow flow im 
either direction for observation of stenosis or 
regurgitation. 


sistance and a variable air cushion provided an 
elastic recoil in diastole. 

The valvular action was photographed through 
the clear lucite cannulas by means of an Exacta 
35-mm. still camera with Panatomic X film and 
a Bolex 16-mm. reflex motion-picture camera with 
Kodachrome type-A film. Three American Optical 
Company microscope lights provided adequate, 
cool illumination, with the proper color balance. 

Water was chosen as a perfusant instead of 
blood because of the obvious technical advan- 
tages. Unpublished work from this laboratory 
has shown that the difference in the pressure-flow 
relations between blood and water is not signifi- 
cant for the purpose of a study of this type. 


Results 

Valvular Hemodynamics 

The orifice of the normal aortic valve opens 
to an area of 2.6 to 3.5 em.?, allowing a large 
amount of blood to pass without a significant 
pressure gradient between the aorta and the 
ventricle. When this orifice is narrowed by 
disease, the resistance to flow rises in propor- 
tion to the decrease in the size of the valve 
area. This phenomenon can be demonstrated 
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graphically by plotting the pressure gradien 

across the valve against the flow past the or 

fice (fig. 3). A pressure gradient of great: 

than 10 em. of water at a flow of 8 liters px 

minute documented stenosis in 19 of the 23 
hearts. Fourteen of these were considered s - 
verely narrowed and created pressure grad - 
ents greater than 45 em. of water; as wou! | 
be expected, these patients had clinical ey 

dence of aortie stenosis. Most of the patien s 
with pressure gradients below 45 em. of wat: + 
had either pure aortic insufficiency or mil | 
aortic stenosis without symptoms. 

When the heart is perfused in a retr - 
gerade direction from thé aorta, the norm: | 
aortic valve is uniformly competent to gre: t 
pressures. In 13 of the 23 hearts there 
was measurable regurgitation. All but 2 of 
the 13 were associated with some stenosis. Six 
of the valves permitted reverse flows of 
greater than 2.8 liters per minute at a dias- 
tolic pressure of 100 em. of water or less ani 


were considered severely incompetent. As 


would be expected, those patients had clinical 
evidence of aortic insufficiency. In the 7 cases 
with reverse flows of less than 2.8 liters per 
minute the significance of the regurgitation 
could not be evaluated. 

The perfusion data of representative cases 
of stenosis and regurgitation are plotted in 
figures 3 and 4. 


Valvular Function 
Normal Aortic Valve 

The normal aortic valve opens freely when 
the pressure in the ventricle exceeds that in 
the aorta. The systolic rush of fluid pushes 
the leaflets apart, creating a triangular opei- 
ing (fig. 5), and the leaflets often vibrate with 
the flow. In diastole (fig. 5), the cusps are 
immediately caught by a backward flow of 
blood as a reverse pressure gradient is esta!)- 
lished between the aorta and the ventricl», 
and the leaflets come together abruptly. The 
free edges of the valve cusps and a portio 
of the inferior cusp edge meet to form a se: | 
1 or 2 mm. in greatest thickness. This is a1 
important means of sealing off the small fe: - 
estrations that often occur in the edge of tle 
aortic and pulmonary valves, and the oppo:- 
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ine surfaces enable each valve cusp to sup- 
p rt the others and to withstand diastolic pres- 
re gradients often in excess of 100 mm. Hg. 

There is not infrequently a small area of 

-omplete closure of the aortic leaflets at the 

‘y center, apparently as the result of in- 

‘ase in the size of the normally small cor- 

ra arantii. The cause of this condition is 

t known, and its association with a diastolic 

irmur along the left sternal border is va- 
‘ible. Since the area of regurgitation is 

ually less than 1 mm. in greatest dimension, 

' perfusion data are not abnormal. 

cumatie Aortic Valve Disease 

An initial development in this condition is 

acute inflammatory process of the rheu- 

itic type that is especially marked at the 
ines of closure of the valves, where deposition 
o! fibrin forms small vegetations. Eventually 
these areas undergo fibrosis, with consequent 
marked searring and deformity of the valve. 
Calcification may ensue, leaving the valve im- 
mobile and often nearly functionless. 

The following cases illustrate several pat- 
terns of deformity that result and the effect 
on the valvular function and hemodynamics. 

Case 1, E. G. (A20,931). A 37-year-old woman 
was admitted to the hospital after treatment for 
7 years for eardiae failure and pulmonary and 
peripheral emboli. The heart was enlarged to the 
anterior axillary line. A grade-II apical diastolic 
runble, a grade-I diastolic blow along the left 
sternal border, and a grade-II systolie murmur 
in the pulmonie area were heard. A mitral val- 
vuloplasty for stenosis was performed, but the 
patient died 4 months later because of a cerebral 
embolus, 

\t autopsy the mitral valve was still moder- 
ately stenotic, with marked fibrous searring of 
th: leaflets and the chordae tendineae. The aortic 
ve've (fig. 6) showed minimal thickening of the 
lesflets, but it caused no detectable abnormality 

’ perfusion. 

Jase 2, M. 8. (A20,991). An 82-year-old woman 
gave no history of rheumatic fever and had no 

iptoms referable to the heart until 6 months 

‘ore entry, when she noted the onset of orthop- 

i, exertional dyspnea, and ankle edema. The 

od pressure was 240 systolic, 70 diastolic. The 

irt was enlarged to the anterior axillary line. 
scultation revealed a grade-III systolie mur- 

r in the aortic area that was transmitted to 

neck, a grade-II diastolic decrescendo mur- 
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Figure 2 
Photograph of the pulse duplicator. The heart is 
on the left side, the controls are on the right on 
the upper level, and the centrifugal pump and 
reservoir tank are on the lower level. 


mur along the left sternal border, a grade-II pul- 
monic systolic murmur, and a grade-IIT apical 
systolic murmur that was transmitted poorly to 
the axilla. An electrocardiogram showed left 
ventricular hypertrophy. The patient died 2 
months after entry because of severe congestive 
heart failure. The clinical diagnosis was calcific 
aortic stenosis with regurgitation. 

At autopsy the heart weighed 400 Gm. and all 
the valves were normal with the exception of the 
aortic valve (fig. 7). There was moderate sear- 
ring of this valve, with some fusion of the com- 
missures, but it created no stenosis and only 
slight insufficieney (figs. 3 and 4). The latter 
finding could account for the diastolic murmur 
at the left sternal border, but does not fully 
explain the wide pulse pressure. 

Case 3, L. S. (A20,598). A 55-year-old woman 
with known rheumatic heart disease was inea- 
pacitated by orthopnea, dyspnea on slight exer- 
tion, and anginal pains. Left heart catheteriza- 
tion revealed a large diastolic pressure gradient 
across the mitral valve and a left ventricular 
systolic pressure of 150 mm. Hg. The radial blood 
pressure was 120 mm. Hg. Auscultation revealed 
a grade-III apical systolic murmur that was trans- 
mitted to the axilla, a grade-III apical diastolic 
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Figure 3 
Pressure flow relations in aortic stenosis. The 
broken lines indicate approximate division between 
degrees of severity. 


murmur, a grade-III systolic murmur in the 
aortic area, and a grade-III diastolic murmur 
along the left sternal border in the third and 
fourth interspaces. She underwent mitral valvu- 
lotomy for relief of the mitral stenosis, but died 
in congestive heart failure 1 month later. 

At autopsy tricuspid stenosis and mitral steno- 
sis were found. The latter had been relieved by 
the operation. The aortic valve (fig. 8) demon- 
strated a more advanced stage of rheumatic sear- 
ring than in the previous eases. Fibrous and 
calcific infiltrations prevented complete opening, 
and a pressure gradient of 26 em. of water de- 
veloped at a continual systolic flow at 8 liters 
per minute (fig. 3). In diastole the valve closed 
quickly and completely, preventing regurgitation. 
The findings can account for the aortic systolic 
murmur, and it is possible that the left sternal 
border diastolic murmur arose in the mitral or 
pulmonic valves. 

Case 4, A. B. (A20,937). Progressively severe 
rheumatoid arthritis had developed in a 46-year- 
old Negro man since the age of 16 years, and at 
42 years he required digitalization because of 
progressive cardiac decompensation. The heart 
was enlarged to the left, with the apical beat in 
the midaxillary line. He had a grade-II systolic 
murmur in the aortic area that radiated to the 
neck, a grade-III diastolic murmur at the left 
sternal border, a grade-II apical systolic murmur 
and a vague mid-diastolic rumble at the apex. 
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AORTIC REGURGITATION PRESSURE VS. FLOW 
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FLOW — L/MIN. 

Figure 4 
Pressure flow relations in aortic regurgitation. 
The broken lines indicate approximate division 
between degrees of severity. The unbroken lines 
indicate the data on specific cases. 


He died suddenly on the fourth hospital day. 
The elinical diagnosis was rheumatic heart dis- 
ease, with aortic insufficiency and stenosis and 
questionable mitral stenosis. 

At autopsy the mitral valve was scarred and 
the chordae tendineae were slightly thickened, 
but no stenosis or regurgitation could be demon- 
strated. The aortic valve was an example of 
marked valvular incompetence, without stenosis, 
due to searring and irregular loss of substance 
at the leaflet margin (fig. 9). 

Case 5, H. P. (A21,644), A 65-year-old man 
had an attack of acute rheumatic fever at the 
age of 33 years and cardiac symptoms developed 
1 year before death. On admission he was in 
congestive heart failure. The heart was enlarged 
to the anterior axillary line. A grade-III hars 
systolic murmur was heard in the aortic area an 
was transmitted up the carotid arteries and over 
the entire precordium. There was a grade-IT dis- 
stolie murmur along the left sternal border. He 
died suddenly on the ninth hospital day. 

At autopsy there was mild fibrous searring of 
the mitral valve, but no stenosis or insufficiene:. 
The aortie valve (fig. 10) showed slight stenosis 
with a pressure gradient of 18 em. of water :t 
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Figure 5 
Normal aortic valve. Top, systole; bottom, diastole. 


8 liters of continual flow, as well as severe re- 

gurgitation that permitted 7 liters of reverse flow 

per minute at a diastolic pressure of 100 em. of 

water (figs. 3 and 4). 

Ca'cifie Aortic Valve Disease 
In the following cases of aortic stenosis and 

rerurgitation the patients did not present a 
finite history of rheumatic fever, and post- 
rtem examination failed to demonstrate ob- 
us indications of healed rheumatic activity, 
ving the etiology of the lesion unsettled. 
‘ase 6, A. F. (A20,824). A 68-year-old man 
| had hypertension for 16 years. His heart was 
shtly enlarged to the left, with a grade-II 
tolic murmur heard best at the base and in 
aortic area. There was no diastolic murmur. 
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Figure 6 

Case 1. Rheumatic heart disease. Top. (Systole). 
There is minimal thickening of the valve leaflets, 
especially in the region of the corpora arantii, but 
adequate pliability remains for full opening. 
Bottom. (Diastole). There is a small area where 
the leaflets do not completely meet, which did not 
allow a significant amount of retrograde flow but 
may have been the cause of the diastolic murmur 
heard at the left sternal border. 


At autopsy calcification of the mitral annulus 
was present. The other valves were normal ex- 
cept for the aortic valve, in which nodular eal- 
cific deposits at the base of the leaflets created 
a slight stenosis and minimal regurgitation (figs. 
3 and 11). 

Case 7, M. D. (A21,223). A 92-year-old man 
was found stuporous and paralyzed on the right 
side. The heart was enlarged to the anterior 
axillary line, and a grade-III blowing systolic 





Figure 7 

Case 2. Rheumatic heart disease. Top. Moderate 
fibrous thickening of the leaflets and fusion of 
the commissures up to 4 mm. from the aortic wall 
restrict systolic opening, but not sufficiently to 
cause a significant pressure gradient. Bottom. In 
diastole, leaflet thickening and loss of marginal 
fissue create a central triangular area of insuffi- 
ciency that permitted small amounts of retro- 
grade flow and could account for the diastolic 
murmur at the left sternal border. 


murmur was heard over the entire precordium 
and maximally at the apex, with transmission 
into the neck. There was no diastolic murmur. 
He died suddenly on the eighth hospital day. 
At autopsy the heart weighed 520 Gm. The 
mitral valve was slightly indurated by hard, 
yellow, calcific deposits on the ventricular sur- 
face of the leaflets, but it was not stenotic and 
the chordae tendineae were not thickened. The 


KELLEY, GOODALE, CASTLEMAN 


Figure 8 
Case 3. Rheumatic heart disease with slight ste- 
nosis. Top. A combination of fibrous thickening 
and diffuse calcific infiltration of the leaflets pre- 
vents complete opening. Bottom. There is enough 
residual pliability to allow closure in diastole. 


aortic valve (fig. 12) was moderately stenotic, 
with thickening of the leaflets by fibrous tissue 
and deposits of multiple nodules of caleium in 
the leaflet substance. These changes created 
significant pressure gradient across the valve of 
50 em. of water at a flow of 8 liters per minute 
(fig. 3). A small area of regurgitation wis 
created in the middle of the valve, where tl 
thickened leaflets were unable to close completel:. 
Case 8, S. T. (A20,608). A 57-year-old man 
with metastatic carcinoma was admitted for te:- 
minal eare. There was no history of rheumat 
fever. The heart was enlarged, with a palpab 
thrill and a grade-IV systolic murmur heard be ¢ 
in the aortic area and transmitted to the nec< 
and apex. The aortic second sound was abse1 


Circulation, Volume XXII, September 19: ? 





] YNAMICS OF AORTIC VALVE DISEASE 


Figure 9 
Case 4. Rheumatic heart disease with marked 
wortie regurgitation. Severe loss of tissue at the 
leaflet margins from scarring and rolling leaves 
«a large patent area in diastole. Resistance to 
forward flow was normal and resistance to reverse 
flow was minimal. 


The blood pressure was 98 systolic, 70 diastolic, 
and an electrocardiogram showed left ventricular 
hypertrophy. 

At autopsy the heart weighed 600 Gm. The 
aortie valve showed marked fibrosis and thicken- 
ing of the leaflets, in which multiple nodules of 
calcification were found (fig. 13). At a non- 
pulsatile flow of 4.5 liters per minute there was 
a pressure gradient of 73 em. of water across 
the valve (fig. 3). In diastole the valve closed 
almost completely (fig. 4). The other valves were 
ormal. 

Case 9, W. J. (A21,053). A 47-year-old man had 
lad progressive exertional dyspnea, anginal pains, 

id paroxysmal nocturnal dyspnea for 5 years. 
‘The blood pressure was 95 systolic, 85 diastolic, 

id the left border of the heart was pereussed 

i the midaxillary line in the sixth interspace. 

grade-II harsh basal systolic blow was trans- 

itted to the neck and precordium, and a grade- 
long, soft diastolie murmur was heard along 
ie left sternal border. 

At autopsy the heart weighed 760 Gm. All the 
alves were normal with the exception of the 

tie valve (fig. 14), which was bicuspid, with 

arked fibrous and calcific thickening that created 
moderate stenosis (gradient of 47 em. of water 

t 7 liters) and a severe insufficiency (reverse 
ow of 5.6 liters per minute at a pressure of 
10 em. of water). 

Case 10, A. M. (A21,393). A 48-year-old man 
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Figure 10 

Case 5. Rheumatic heart disease with slight ste- 
nosis and severe regurgitation. Top. The commis- 
sures are fused, and the cusps are thickened and 
distorted by fibrous tissue and nodules of calcific 
deposits, rendering the leaflets moderately rigid 
and limiting their separation, with a resultant 
slight stenosis. Bottom. During diastole, the nodules 
of calcific material prevent molding of the leaflets 
to complete closure. 


with no history of rheumatic fever, developed a 
systolic murmur 10 years before admission, a 
posterior myocardial infarction with typical elec- 
trocardiographie changes 6 years later, and epi- 
sodes of dyspnea 1 year later. Physical exami- 
nation revealed an enlarged heart with a di- 
minished aortie second sound, a grade-III aortic 
systolic murmur that was transmitted to the neck, 
apex, and axilla, and a grade-I short diastolic 
blow at the left sternal border. The blood pres- 
sure was 110 systolic, 90 diastolic. Catheteriza- 





Figure 11 
Case 6. Calcific aortic valve disease with slight 
stenosis. Top. There is slight fibrous thickening 
and deposition of multiple nodules of calcific 
material, mainly at the base of the cusps. During 
systole @ large stellate area is created that permits 
a moderate flow, with only slight resistance. 
Bottom. In diastole the rigid leaflets fail to meet 
in a small area in the center. 


tion of the left side of the heart showed a gradi- 
ent of 122 mm. Hg during systole across the 
aortic valve and a left ventricular pressure of 
28 during diastole. The cardiae output was not 
measured. He died 3 days later of pulmonary 
emboli. 

At autopsy the heart weighed 700 Gm. The 
aortic valve (fig. 15) was bicuspid. Both leaflets 
were firmly fixed by massive nodules of calcific 
material, creating a small, rigid, nonmovable ori- 
fice that was severely stenotic (forward pressure 
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Figure 12 

Case 7. Calcific aortic valve disease with moderate 
stenosis. Top. Confluent nodules of calcific ma- 
terial deposited mainly in the base of the leaflets 
and fibrous thickening restrict opening during sys- 
tole. Bottom. There is still adequate flexibility and 
substance at the free margin of each leaflet to 
allow almost complete closure of the valve during 
diastole. 


gradient of 100 em. of water at 4.2 liters per 
minute flow) and moderately incompetent (re- 
verse flow of 1.8 liters per minute at a diastolic 
pressure of 100 em. of water). The other valves 
were normal. 
Discussion 

To function normally the aortic valve must 
prevent blood from flowing in a retrograce 
direction during a period of decreased pres- 
sure in the ventricle, without creating a siz- 
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Figure 13 

Case 8. Calcific aortic valve disease with. severe 
stenosis. Top. Multiple confluent nodules of cal- 
cific deposits, fibrous thickening and extensive 
fusion of the commissures of 2 cusps result in 
a slit-like opening in systole. Bottom. There is 
enough residual flexibility in half of one leaflet 
to permit closure in diastole with minimal re- 
gurgitation. 


nificant resistance to forward flow. With the 
pulss duplicator one can document the degree 
to which this action is accomplished by re- 
cord ng the hemodynamic characteristics of 
the valve and by studying the leaflet action 
in s\stole and diastole. Pressure-flow studies 
are important because they delineate degrees 
of si-:nosis and regurgitation far more aceu- 
rately than is possible with the opened heart 
or a heart examined without fluid pressure 
on the valve. 

Tl > data compiled from these studies con- 
frm that the aortic valve can be narrowed 
cons lerably, even to the point of creating 
some resistance to flow, without producing 
sign’ icant cardiac symptoms. Likewise, a cer- 
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Figure 14 
Case 9. Calcific aortic valve disease with moderate 
stenosis and severe regurgitation. Top. Extensive 
amounts of calcific material have created an almost 
immobile valve, with complete obliteration of one 
commissure. Bottom. A large nodule separates two 


of the leaflets on the left side and prevents com- 
plete closure during diastole. 


tain amount of aortic insufficiency can be tol- 
erated without ill effects. The number of cases 
in this series is inadequate for accurate defi- 
nition of the degrees of stenosis and regurgi- 
tation that produce clinical signs and symp- 
toms. The findings suggest, however, that a 
heart can compensate adequately for a steno- 
sis that produces a pressure gradient of 
around 40 em. of water when perfused post- 
mortem with a nonpulsatile flow of 8 liters per 





Figure 15 

Case 10. Calcific aortic valve disease with severe 
stenosis and moderate regurgitation. Top. Massive 
amounts of calcific material have created a rigid, 
nonmovable orifice. Two commissures are com- 
pletely obliterated, and the third is reduced to a 
thin slit seen at the top of the photograph. 
Bottom. During diastole there is little change in 
the orifice, allowing moderate regurgitation. 


minute. The presence of an area of incomplete 
closure that allows a reverse flow greater than 
2.8 to 4 liters per minute at a pressure of 100 
em. of water probably is also significant elin- 
ically. More exact data of this nature are 
needed as an aid to cardiac surgery because 
although a deformed valve cannot be com- 
pletely restored to normal function in many 
eases, stenosis or regurgitation can be de- 
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creased to a level that may be tolerated wi 
out significant symptoms." 

The graphs of pressure versus flow fcr a 
stenotic aortic valve do not follow the wu ual 
exponential curve plotted for flow pas 
standard circular orifice of an equivalent a: 
This circumstance probably is a result o 
least two factors: the valve orifice is ver) 
regular, creating a unique hemodynamic 
uation ; and in this experimental situatio: 
which continual flow is used, each ineren ent 
of flow forces open the rigid, diseased v ‘lve 
slightly, creating successively larger area. in 
some cases. 

The cases presented “illustrate 3 imporiant 
alterations in an aortic valve that often occur 
concomitantly, although any one alteraiion 
may predominate. 

1. Fusion of the commissures: In most cases 
of severe aortic stenosis seen in this labora- 
tory, fusion of the leaflets at their commis- 
sures has been a significant finding, and 
indeed often the predominating lesion in pa- 
tients with a history of rheumatic heart 
disease. 

2. Thickening of the cusps: Fibrous and 
ealeific infiltration in the cusps is often as 
important an alteration as fusion of the com- 
missures. The firmness and bulk of the calcific 
nodules within the cusps prevent them from 
separating widely enough to create a fune- 
tionally normal orifice, with resultant stenosis 
and sometimes valvular insufficiency. In the 
normal aortic valve (fig. 5) the soft and pli- 
able leafiets mold to fit one another during 
diastole. When the leaflets are rigid, the op- 
posing surfaces cannot mold and complete 
valve closure is impossible (fig. 10), as if 3 
rigid semicircles were used to occlude an area 
without change of shape or overlapping. 
Large calcific nodules deposited between the 
leaflets may further contribute to insufficivncy 
by wedging the leaflets apart (fig. 14) o» by 
fixing the valve in a rigid, partially op«ned 
position in which it moves only slightly na 
pulsatile flow (fig. 15). 

3. Retraction of the leaflet margin: A third 
important change in the aortic valve is loss 
of leaflet substance because of scarring a’ the 
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leaf et margin. This can be the predominant 
lesi n (fig. 9) or can accentuate the insuffi- 
ciel cy present due to calcification and fusion 
of he commissures (fig. 10). The searring 
pro ess at the valve margin is usually irregu- 
lar ind in minimal amounts ean also contrib- 
ute to the creation of a small regurgitant 
are. that results only in a diastolic murmur 
(fic. 6). 

‘| herefore, fusion of the commissures, calci- 
fica. ion of the leaflets, and loss of leaflet sub- 
staice at the margins may all occur in the 
sane valve to some degree. The type of lesion 
thai results depends on which change predom- 
inaies and how the changes interrelate to com- 
pound the functional alteration. These facts 
assume particular importance when surgical 
reconstruction of a diseased aortic valve is 
contemplated because more than one type of 
lesion may require correction for a function- 
ally beneficial result. 


Summary and Conclusions 
Improved methods of studying the aortic 


valve post mortem are presented. 

Ten eases illustrate the major alterations 
seer in rheumatie and ealeifie aortic valve 
disease. 

Fusion of the commissures, calcification of 
the leaflets, and loss of leaflet substance at the 
margins all contribute to aortic stenosis and 
insufficiency. The functional result is restric- 
tion of movement of the leaflets so that they 
do not fully attain the normal position in sys- 
tole and diastole. Although any one change 
may predominate, generally all three contrib- 
ute ‘o the functional abnormality. 

Sich valvular studies should be of particu- 
lar value to the surgeon by providing a work- 
ing model on which to practice technics and 
to d»velop new methods of approaching the 
pro!.lem of aortic valve disease. They also pro- 
vide an objective measure of operative results. 


Summario in Interlingua 
Es presentate meliorate methodos pro le studio del 
valvi la aortie post morte. 
Di -e easos es usate pro illustrar le major altera- 
tions vidite in morbo rheumatie e ealeifie del valvula 
aort) 


F\ sion del commissuras, calcification del cuspides, 
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e perdita de substantia in le cuspides in le area mar- 
ginal, omne istos es factores contribuente al disvelop- 
pamento de stenosis e insufficientia aortic. Le resul- 
tato functional es restriction de movimento pro le 
cuspides de maniera que illos non attinge le position 
plenmente normal in systole e in diastole. Ben que le 
un o le altere del mentionate vitiationes pote pre- 
dominar, generalmente omne le tres contribue al 
anormalitate functional 

Tal studios valvular deberea esser de valor particu- 
lar pro le chirurgo qui trova in illos un modello per- 
mittente exercitios de technica e providente le op- 
portunitate de disveloppar nove methodos pro attaccar 
le problema de morbo del valvula aortic. Tllos etiam 
offere le possibilitate de mesurar objectivemente le 
resultatos del intervention chirurgie. 
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“Primary” Pulmonary Hypertension with Coexisting 
Portal Hypertension 


A Retrospective Study of Six Cases 


By Ricwarp L. Nagrye, M.D. 


HE PATHOGENESIS of the syndrome 
°? pulmonary arterial hyper- 
tension has been the subject of increasing 
interest in recent years.‘!* The syndrome is 
characterized by pulmonary arterial hyper- 
tension in the absence of significant primary 
pulmonary parenchymatous disease or pri- 
mary cardiac disorder. The hypertension has 
usually been attributed to pulmonary vascu- 
lar lesions, which increase the resistance to 
blood flow through the lesser circulation. In 
most cases the most striking vascular change 
has been proliferation of endothelial cells and 
fibrous tissue in the intima of small pulmo- 
nary arteries. In a few individuals pulmonary 
arterial thrombi have been numerous, suggest- 
ing that the sclerotic process may have been 
the consequence of recurrent emboli.) > In 
many other cases the most prominent vascular 
alteration has been an acute or healing arteri- 
tis.?; ® 10-12 Tn some of these instances it has 
been difficult to determine whether the arte- 
ritis preceded the hypertension or was its 
consequence.® 1 In any ease, the final sclerotic 
lesions give few indications of their origin, 
the healed lesions of arteritis often being in- 
distinguishable from those that follow embo- 
lism or other forms of trauma to the pulmo- 
nary arteries.’* 1° The syndrome of ‘‘ primary’’ 
pulmonary hypertension may well have a di- 
verse etiology. 

‘‘Primary’’ pulmonary hypertension has 
rarely been related to other disorders. Only 
3 examples of an association between ‘‘pri- 
mary’’ pulmonary arterial hypertension and 
portal venous hypertension have been re- 
ported.'*-!® In one, recurrent pulmonary em- 
boli arose from a spontaneously developing 


“primary 








From the Department of Pathology, The University 
of Vermont College of Medicine, Burlington, Vt. 


portocaval shunt in a patient with por al 
hypertension.'* In another, multiple puln o- 
nary arteriovenous fistulas were discovered in 
an individual with juvenile cirrhosis.’* In 1 1e 
third, pulmonary hypertension was un x- 
plained.?® The current study deals with p il- 
monary and portal vascular changes in 6 }a- 
tients who had evidence of both pulmonary 
and portal hypertension. Anatomic findings 
suggest that the association of these 2 types 
of hypertension may have been more than co- 
incidental. 
Methods 


Cases of coexisting portal and pulmonary hy- 
pertension were selected in which there was no 
evidence of significant primary pulmonary or car- 
diac disease. Studies were undertaken of the pul- 
monary and portal vessels. Tissue blocks from all 
lobes of the lungs were serially sectioned and 
stained with Verhoeff and Van Gieson stains. In 
1 ease (no. 6) the pulmonary arteries were injected 
with a colored gelatin preparation. In each case 
the portal vein and as many of its collateral chan- 
nels as possible were studied by multiple sections. 


Subjects 
Case 1 

This 42-year-old man (DH 183265) was ad- 
mitted with right chest pain and hemoptysis. He 
had felt “rundown” for several years and had sev- 
eral episodes of pleuritic type pain, the last a 
year before death. The day before admission he 
developed pleuritic chest pain accompanied by 
weakness, chills, and anorexia. 

On admission he was dyspneie and debilitated, 
and had a fever of 101 F. Breath sounds were di 
minished and a pleural rub was noted in the riz 
lower chest. The neck veins were distended. H: 
sounds were normal. The heart was enlarged b) 
x-ray and a dense pneumonic infiltrate filled | 
lower lobe of the right lung. The liver appe: 
enlarged. Pneumococci were common in a spu um 
culture. Electrocardiogram showed incomplete r zht 
bundle-branch block, and right ventricular hy: er- 
trophy. The hemoglobin was 14.7 Gm. per : ent 
and the white blood cell count was 16,000, witi 18 


Circulation, Volume XXII, September ‘969 








Casi 


and 


Ela: 


per 
bili 
posi 
was 
afte 
clini 
poss 
A 
plev 
The 
atri 
phi 
Oth 
nor! 
lobu 
lobe 
sent 
Gm. 
tal 
row 


f and 


750 
wer 
or | 
P 
all 
arte 
in n 
in \ 
mar 
mar 
by 
fibr 
char 
lati¢ 
arte 
mus 
ing, 


fibr 


Cire: 


“pl MARY’? PULMONARY HYPERTENSION 


Case 1. Intimal proliferation of endothelial cells 
and -broblasts in a pulmonary muscular artery. 
Elasi'v-tissue stain. 


per cent nonsegmented neutrophils. The serum 
bilirubin was 8 mg. per cent, and the urine was 
positive for bilirubin. <A cephalin flocculation test 
was 4+. The patient became progressively weaker 
after admission and died on the fifth day. The 
clinical impression was lobular pneumonia with 
possible pulmonary infarets. 

At autopsy the patient was icteric. The right 
pleural cavity contained 300 ml. of turbid fluid. 
The enlarged heart weighed 490 Gm. The right 
atrium and ventricle were dilated. The hypertro- 
phied right ventricle measured 6 mm. in thickness. 
Other cardiac measurements were reported to be 
normal, The lungs were edematous, and an acute 
lobular pneumonia was located in the right middle 
lobe. Gross arterial emboli and infarets were ab- 
sent. The enlarged, nodular liver weighed 1,570 
Gm. Microscopically there was severe hepatic por- 
tal cirrhosis. The portal vein was markedly nar- 
rowed over much of its extrahepatic length by old 
and recent thrombi. The congested spleen weighed 
750 Gm. Esophageal and gastric venous varices 
were prominent. No thrombi were found in pelvic 
or lee veins. 

Pulnonary vascular changes were extensive in 
all loves. Atheromata were present in the elastic 
arteris. Medial smooth muscle was hypertrophied 
inmu cular arteries of all sizes. Emboli or thrombi 
in var ving stages of organization were lodged in 
many of these muscular arteries. The lumina of 
many museular arteries were markedly narrowed 
by in imal proliferation of endothelial cells and 
ibrol asts (fig. 1). In some eases only a tiny 
chan: ‘| remained, Fibrinoid necrosis and granu- 
lation tissue were present in the walls of a few 
arter s (fig. 2). In some areas, segments of the 
muse lar arteries had undergone a fusiform swell- 
ing. “heir lumina and walls were replaced by 
libro 5 tissue through which passed many tiny 
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Oe 
Figure 2 
Case 2. Fibrinoid necrosis and granulation in the 
wall of a pulmonary muscular artery. A branch 
of the artery to the right is thrombosed. Hema- 
toxylin and eosin stain. 


vascular channels (fig. 3). The tiny channels even- 
tually emptied into one or more dilated branches 
of the muscular arterial system distally. The me- 
dia of these distal arteries was often atrophic. 
These distal vessels often clustered about the ar- 
tery of origin before passing into the pulmonary 
parenchyma to form normal pulmonary arterioles 
and capillaries. These plexiform-like lesions were 
found in many stages of development. Some were 
found at the point where arteries branched. Di- 
lated veins were found in fibrous pleural adhe- 
sions. ; 
Comment 

Portal cirrhosis with old and recent thrombotic 
occlusions of the portal veins were associated with 
clinical and necropsy evidences of pulmonary 
hypertension, i.e., electrocardiographie changes, 
dilatation and hypertrophy of right ventricle, and 
many changes in small pulmonary arteries: smooth 
muscle hypertrophy, advanced intimal prolifera- 
tive lesions, and many organizing thrombi. 
Case 2 

Five years before death this 28-year-old woman 
(PH 1382810) had an episode of anorexia and ma- 
laise, which followed “exposure” to infectious hep- 
atitis. A year later the serum albumin was 2.7 Gm. 
per cent and the globulin 7 Gm. per cent. Two years 
before death her liver was enlarged and she was 
icteric. A cephalin flocculation test was 4+ and 
bromsulphalein retention 23 per cent at 30 min- 
utes. She received corticosteroids and was well un- 
til 244 months before death, when headaches and 
purpura developed. Hematemesis followed a month 
later. Massive ascites, icterus, and an enlarged liver 
and spleen were noted. Hematemeses continued and 
she lapsed into coma. She died after sudden ear- 





e 
Figure 3 

Case 1. An advanced plexiform lesion in a mus- 

cular pulmonary artery. Several of the channels 

are thrombosed. Elastic-tissue stain. 


diac arrest during an attempt to ligate bleeding 
esophageal varices. She had no aleoholie intake 
or known episodes of malnutrition. She had no 
evidences of cardiac or pulmonary disease during 
life. The clinical impression was advanced post- 
necrotic cirrhosis of the liver with portal venous 
hypertension and hemorrhage from esophageal 
varices. Death was attributed to cholemia. 

Three liters of ascitic fluid were present at au- 
topsy. The heart weighed 375 Gm. The right ven- 
tricular cavity was dilated and its wall was hyper- 
trophied, varying in thickness from 0.4 to 0.5 em. 
Other measurements included left ventricle 1.2 em., 
tricuspid valve circumference 13.0 em., mitral valve 
10.0 em., pulmonic 8.0 em., and aortie valve 6.5 
em. The foramen ovale was closed. No abnormality 
was found on cross section of the lungs. Gross 
arterial thrombi were absent. The spleen weighed 
650 Gm. due to chronie congestion. The irregu- 
larly nodular liver weighed 1,375 Gm. Microscopic 
examination supported the diagnosis of postne- 
erotic cirrhosis. An organizing thrombus occluded 
the portal vein in the porta hepatis. Large eso- 
phageal varices were ulcerated just below a Sen- 
staken balloon. Organizing thrombi were present 
in varicose veins of both esophagus and stomach. 
Fresh blood filled the intestinal tract. No thrombi 
were found in pelvic or leg veins. 

Vascular changes were extensive in the lungs. 
Emboli or thrombi were found in muscular arteries 
of many sizes. Advanced intimal proliferative le- 
sions like those in ease 1 were found in elastic 
arteries, muscular arteries, and in some arterioles. 
These had progressed to the plexiform stage in 
some arteries (fig. 4). Medial smooth muscle hy- 
pertrophy was found in most of the muscular 
arteries and in many of the arterioles. The walls 
of a few muscular arteries were necrotic. 
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Case 2. A pulmonary muscular artery is tians- 
formed into a plexiform structure. The seginent 
of artery just proximal to the lesion can be seen 
just above and to the left. Elastic-tissue stain. 


Comment 

Postnecrotic hepatie cirrhosis with thrombotic 
occlusion of the portal vein and many evidences 
of portal hypertension were associated with mor- 
phologie evidences of pulmonary hypertension, ie, 
dilatation and hypertrophy of the right ventricle, 
medial muscle hypertrophy in pulmonary arteries 
and arterioles, advanced, intimal proliferative le- 
sions in the pulmonary arterial bed, and organiz- 
ing thrombi in pulmonary arteries. 


Case 3 

This 34-year-old man (PH 85086) had 170 hos- 
pital admissions during which he received 97,65) 
ml. of whole blood for thalassemia major. Despite 
splenectomy at age 5 years, his hemoglobin level 
could not be maintained above 7 Gm. per 100 ml. 
In the 2 years before death he developed diabetes 
mellitus and repeated bouts of cough, dyspena, 
chest pain, and fever. Hepatomegaly and ascites 
appeared. The terminal admission was for abdom- 
inal pain. He was icteric, and his heart was en- 
larged. Neck veins were distended, and the second 
pulmonic sound was louder than the second aortic 
sound. Ankle edema was present. The hematocrit 
level was 23 per cent and the leukocyte count was 
13,550, with 20 normoblasts per 100 white cells. 
Target cells were common. The fasting blood sugar 
was 230 mg. per cent, blood urea nitrogen 58 mg. 
per cent, serum alkaline phosphatase 15.4 Bodan- 
sky units, and thymol turbidity 3+. An electro- 
eardiogram revealed partial right bundle-branch 
block. On x-ray the large intestine was foun‘! to 
be dilated. He became stuporous and died on the 
third hospital day. The clinical impression was 
thalassemia major, severe hemosiderosis of the 
liver, pancreas, and other organs, diabetes mel! 'tus, 
and partial obstruction of the large intestin: 
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“pr IMARY’’ PULMONARY HYPERTENSION 


At autopsy 3,000 ml. of ascitic fluid were pres- 
ent. [he enlarged heart weighed 450 Gm. The 
righi atrium and ventricle were dilated. Cardiac 
measurements were: right ventricular thickness 
0.8 .n., left ventricle 1.8 em., cireumference tri- 
cusp d valve 13 em., mitral valve 10 em., pulmonic 
valy 8 em., aortic valve 7 em. Cross section of 
the ungs revealed atelectasis of the lower lobes. 
Gros: vaseular thrombi were absent. The brown- 
ish, ‘inely nodular liver weighed 3,600 Gm. Micro- 
scop ¢ examination confirmed the presence of a 
port.l-type cirrhosis with heavy iron deposits. 
Hen.osiderosis was severe in all of the viscera. 
The large bowel was obstructed by fibrous adhe- 
sion-. No thrombi were found in the portal vein, 
or in the leg or pelvie veins. 

Microseopie emboli or thrombi of varying ages 
were found in a number of pulmonary muscular 
arteries (fig. 5). Other pulmonary vascular changes 
were advanced. Atheromatous plaques were found 
in the elastie arteries. Arterial smooth muscle 
hypertrophy was like that found in the previous 
cases. Pulmonary arterioles often had a muscular 
coat. Intimal proliferation of endothelial cells and 
fibrous tissue was present in muscular arteries of 
all sizes and was most advanced in the smaller 
vessels. These proliferative lesions had progressed 
to the plexiform stage in a number of muscular 
arteries (fig. 6). As in other eases, thrombi were 
sometimes found in the small channels of these 
structures. The internal elastic membranes of mus- 
cular arteries were often found to be reduplicated. 
Comment 


Hepatic portal cirrhosis and portal venous hy- 
pertension were present in a patient with thalas- 
semi major who had severe transfusion hemo- 
siderosis. Morphologie evidences of pulmonary 
hypertension resembled those in eases 1 and 2. 
Case 4 


This 76-year-old woman (MFH A56-193) had 
evidence of cardiac decompensation for many 
years. She had no known history of hepatie or 
puluionary disease. Terminal admission was for 
shar)) pain in the left abdomen. She was cyanotic, 
dehydrated, and dyspneic. The blood pressure was 
120/30 mm, Hg, her usual pressure having been 
160 50 mm. Her heart was enlarged to percussion, 
and pulmonary rales were detected bilaterally. The 
hem globin was 13.1 Gm. per 100 ml. and the 
leuk cyte count 26,000, with 23 per cent nonseg- 
men'ed neutrophils. Urinalysis showed many leu- 
koe) ‘es and erythrocytes. The blood urea nitrogen 
was 55 mg. per cent. The temperature on the third 
day vose to 104 F. and persisted. Then blood pres- 
sur gradually fell, and she died on the fifth day. 
Oth clinieal and laboratory data are lacking. 
The clinical impression was arteriosclerotic heart 
disse and aeute pyelonephritis. 
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Figure 5 
Case 3. Thrombus with early organization in the 
lumen of a pulmonary muscular artery. Hematoxy- 
lin and eosin stain. 


At autopsy, the heart was noted to be enlarged 
but its weight was not recorded. The hypertrophied 
right ventricle measured 0.6 em. in thickness and 
the left ventricle, also somewhat hypertrophied, 
1.6 em. All of the cardiac chambers were dilated. 
The tricuspid valve measured 14 em. in cireum- 
ference, the mitral 9.5 em., the pulmonic 9.0 em., 
and the aortic 7.0 em. Arteriosclerosis of the cor- 
onary arteries was minimal. Both lungs were ede- 
matous and had areas of atelectasis. Gross arterial 
thrombi were absent. The nodular liver weighed 
1,550 Gm. Gross and microscopic study revealed 
an advanced portal cirrhosis. Collateral venous 
channels in the stomach and esophagus were di- 
lated but available sections contained no thrombi. 
The enlarged spleen, which weighed 620 Gm., had 
small foci of parenchymal necrosis. Both kidneys 
had severe, acute pyelonephritis. No thrombi were 
found in pelvic or leg veins. 

Many vascular abnormalities were present in 
the lungs, which help to explain the cor pulmonale. 
Atheromata were found in the elastic arteries. 
Medial smooth muscle was hypertrophied in mus- 
cular arteries and in arterioles. In a few instances, 
walls of muscular arteries showed fibrinoid necro- 
sis. The most striking changes were found in the 
intima of these vessels. Proliferative changes nar- 
rowed their lumina so markedly that in some in- 
stances the channels were almost obliterated. In a 
few vessels, these proliferative changes had pro- 
gressed to the plexiform stage. The plexiform 
lesions were found in straight as well as in braneh- 
ing segments of the muscular arteries. Thrombi or 
emboli were present in many muscular arteries. 
Comment 


This patient had portal cirrhosis of undeter- 
mined cause with portal hypertension. Morphologie 
evidences of pulmonary arterial hypertension were 
like those found in eases 1, 2, and 3. 





Figure 6 
Case 3. A plexiform lesion in a muscular pulmo- 
nary artery. Elastic-tissue stain. 


Case 5 

This 76-year-old man (MFH A57-247) devel- 
oped cardiae failure 4 years before death and did 
well on digitalis. He had no known history of 
hepatie or pulmonary disease. Nine months before 
death a transient episode of intestinal obstruction 
developed due to an inearcerated intestinal loop 
in a large umbilical hernia. Subsequently, his ear- 
diac failure was difficult to control. The terminal 
admission was for recurrent intestinal obstruction. 
The hernia could not be reduced. The hemoglobin 
was 13.9 Gm. per cent. He had progressive cardiac 
failure and died on the thirteenth hospital day 
without operation. Other clinical and laboratory 
data are lacking. The clinical impression was intes- 
tinal obstruction due to intestine inearcerated in 
umbilical hernia, and arteriosclerotic heart disease. 

At autopsy the umbilical hernia contained 2 
loops of ileum, one of which was gangrenous. The 
lower extremities were edematous and 200 ml. of 
ascitie fluid were present. The heart weighed 660 
Gm. The hypertrophied right ventricle was 0.8 em. 
in thickness, the left ventricle 1.0 em. The tricus- 
pid valve measured 14 em. in circumference, the 
mitral 12 em., the pulmonic 10 em., and the aortic 
8 em. Coronary arteriosclerosis was almost absent. 
The lungs were edematous and had foci of acute 
lobular pneumonia. Gross thrombi were absent. 
The spleen weighed 280 Gm. and showed evidence 
of chronic congestion. The finely nodular cirrhotic 
liver weighed 1,800 Gm. The cirrhosis was portal 
in type and moderately severe. Esophageal varices 
were large but free from thrombi. No thrombi 
were found in the portal vein. No other source of 
emboli was found. 

Pulmonary vascular changes were extensive. 
Atheromata were present in the large elastic arter- 
ies. Medial muscular hypertrophy was prominent 
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in museular arteries and arterioles. Thrombi or 
emboli in varying stages of organization w re 
found in seattered muscular arteries. Muse: ay 
arteries of all sizes showed an advanced inti jal 
proliferation of endothelial cells and_fibrobl: sts 
like that found in other cases. In some instan es, 
previously large lumina were reduced almos' to 
capillary size. 

Comment 

Portal cirrhosis with portal hypertension \ +re 
associated with morphologie evidences of pul \o- 
nary hypertension resembling those found in he 
previous 4 eases. 

Case 6 

This 13-year-old schoolgirl (PH 123417) ad 
numerous hospital admissions for bleeding — so- 
phageal varices. A sudden hematemesis at ay: 2 
required transfusions. Additional episodes  ip- 
peared during succeeding years. At age 5, esop! ag- 
eal varices were demonstrated by x-ray. The sp! en 
was enlarged, but the liver was not. Liver fune: ion 
tests were normal except for 2+ cephalin floecila- 
tion and thymol turbidity. At laparotomy the 
portal vein was not found but many extrahepatic 
collateral channels of this vessel were located. A 
spleno-renal shunt was performed, splenic venous 
pressure decreasing from 340 to 275 mm. of water. 
At age 11 she had her only other hematemesis until 
her final illness. The terminal episode began with 
melena. On admission she was weak and pale with 
a hematocrit level of 23 per cent. The leukocyte 
count was 9,900, with a normal differential count. 
The prothrombin time was 16 seconds (normal, 
13 seconds), serum bilirubin 1 mg. per cent, brom- 
sulphalein retention at 30 minutes 24 per cent, 
alkaline phosphatase 10.5 King-Armstrong units, 
and serum protein pattern was normal. A Coombs 
test was positive. She had a systolic murmur in 
the third left interspace. An electrocardiogram was 
suggestive of right ventricular hypertrophy. Car- 
diac fluoroscopy and esophagram demonstrated 
esophageal varices, cardiac border with right ven- 
tricular configuration, and dilated pulmonary ar- 
tery. After a partial esophageal-gastrectomy with 
jejunal interposition her temperature remained 
elevated. On the sixth postoperative day she died 
following an episode of sudden chest pain and 
dyspnea. The clinical impression was cavernous 
transformation of the portal vein, severe pcrtal 
hypertension with hemorrhage from esophia seal 
varices, and pulmonary arterial hypertensio: of 
undetermined cause. 

Large pleural effusions were present at autc psy. 
The enlarged heart weighed 380 Gm. The iight 
atrium and ventricle were dilated. The hype tro- 
phied right ventricular wall measured 0.7 er. in 
thickness, the left ventricular wall 1.5 em. The 
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tSIMARY’’ PULMONARY HYPERTENSION 


ci mference of the tricuspid valve was 11 em., 
the mitral 9 em., the pulmonic 6 em., and the 
ao) ¢ valve 5 em. The pulmonary artery was di- 
lat’. No congenital cardiac malformation was 
fov d. The spleno-renal anastomosis was patent. 
A .rombus occluded the portal vein just beyond 
the junction of splenic and superior mesenteric 
vei. In the porta hepatis the portal vein was 
pa’ ially reeanalized. The liver weighed 1,370 Gm. 
an was morphologically normal except for centro- 
lob iar congestion. The segment of jejunum inter- 
po: 1 in the esophagus was intact. Large varices 
in \e proximal esophagus had no thrombi. Cross 
sec on of the lungs revealed atelectasis of the 
low vr left lobe. Gross thrombi were absent. Pelvic 
an’ leg veins were free from thrombi. 

| ilmonary vascular changes were severe but in 
som respects were different from those found in 
other eases. A severe necrotizing arteritis was 
found in museular arteries from all areas (fic. te 
This usually involved the entire vessel wall and 
was often associated with an organizing thrombus. 
These neerotie changes were far more severe than 
those found in other eases. Other vascular changes 
included medial muscle hypertrophy in muscular 
arteries and arterioles. Intimal proliferation of 
endothelial cells and fibroblasts was found in most 
muscular arteries (fig. 8). In some instances this 
process completely occluded arterial lumina. There 
was often reduplication of the internal elastic 
membrane in these arteries. Atheromata were pres- 
ent in the intima of elastic arteries. Bronchial 
arteries and veins were structurally normal. In 
one lung, pulmonary arteries were injected with a 
gelatin preparation. This did not penetrate arter- 
ies smaller than 20 » in luminal diameter. None 
reached the pulmonary veins or bronchial vessels. 
Comment 


Old and recent thrombosis of the portal vein 
with severe portal hypertension was found. Many 
clinical and morphologic features of pulmonary 
hypertension resemble those found in the previous 
cascs. The severe, necrotizing pulmonary arteritis 
found in this ease was more severe than that pres- 
ent in the other 5 cases. 


Discussion 
“IX cases are described in which portal ve- 
s hypertension coexisted with ‘‘primary”’ 
uonary arterial hypertension. The pulmo- 
’ hypertension was suggested in all cases 
he postmortem findings of right ventricu- 
hypertrophy and dilatation. Additional 
ence for hypertension in these individuals 
the demonstration of advanced lesions in 
pulmonary arteries. In several of the 
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Case 6. Severe necrotizing arteritis in a pulmonary 
muscular artery. An organizing thrombus is noted 
in the lumen. Hematoxylin and eosin stain. 


cases, there were antemortem clinical and lab- 
oratory evidences of pulmonary hypertension. 
In the absence of significant pulmonary pa- 
renchymal disease or of primary cardiac 
disease, the pulmonary vascular lesions can 
be assumed to be responsible for the chronic 
cor pulmonale. 

The cause of the portal venous hypertension 
in 5 of the cases was cirrhosis of the liver. 
Several varieties of cirrhosis were found but 
none was cardiae in type. In 2 of -the individ- 
uals, organizing portal venous thrombi prob- 
ably contributed to the portal hypertension. 
In the sixth case, chronic thrombosis of the 
portal vein alone was responsible for portal 
hypertension. These observations suggest two 
questions: What was the origin of the pulmo- 
nary vascular changes? Was there a possible 
relationship between these pulmonary vascu- 
lar lesions and abnormalities in the portal 
venous system ? 

In 5 eases, emboli or thrombi in varying 
stages of organization were widespread 
throughout the small pulmonary arteries. 
Thrombosis in such vessels is sometimes con- 
sidered to be a complication of pulmonary 
hypertension.’® In the eases under discussion, 
however, thrombi were too numerous to be 
explained on this basis. It is most likely that 
they were the cause of the high pressure 
rather than its consequence. Although older 
pulmonary vascular changes in these cases 





Case 6. Marked proliferation of endothelial cells 
and fibroblasts in the intima of a pulmonary mus- 
cular artery. The internal elastic membrane is re- 
duplicated. Elastic-tissue stain. 


were not specifically characteristic, they were 
suggestive of those lesions that have been 
shown to follow recurrent pulmonary em- 
boli.*:* 7° These changes varied from moder- 
ate arterial intimal proliferation of endothe- 
lial cells and fibroblasts to advanced plexiform 
lesions that resembled recanalized thrombi. 
These lesions were similar to the changes pro- 
duced experimentally by the repeated intra- 
venous injection of fragmented blood clots.'® 
Two of the patients (cases 1 and 3) had re- 
peated bouts of chest pain, also suggesting 
recurrent pulmonary emboli. 

A possible origin of pulmonary emboli in 
these cases was the portal venous system and 
its collateral channels. Hepatic cirrhosis and 
portal hypertension are common antecedents 
of portal thrombosis.”!: ** Portal thrombi were 
found in 3 of the current cases, 1 of which 
also had organizing thrombi in collateral vari- 
cose esophageal and gastric veins. No other 
sites of origin for pulmonary emboli were 
found. In this regard the case of Mantz and 
Craige’ is interesting in that recurrent em- 
boli arose from a spontaneously developing 
portocaval shunt in a patient with portal hy- 
pertension. This shunt varied in diameter 
from 1.5 to 3 cm. An obvious question is 
whether the collateral channels that bypass 
the portal system in other cases of portal hy- 
pertension are of sufficient size to permit em- 
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boli to pass to the lesser circulation. By i 
jection studies Calabresi and Abelmann?”® h; 
demonstrated grossly visible anastomoses 
the portal venous bed with the superior v: 
cava through peri-esophageal, mediasti) 
and azygous veins in patients with por: 
hypertension. All these anastomotic chann 
were at least 40 » in diameter and many wi: re 
apparently far larger. Vessels of this s , 
would probably permit emboli to pass | 
would obviously limit their size. This wo 
account for the fact that thrombi in the ¢ 
rent study were found only in small puh 
nary arteries. It would also explain the fail: r 
to find pulmonary infarets, since infarcts u 
ally do not develop when pulmonary embh»li 
are small.!® 

It is also possible that the pulmonary ar 
rial lesions in the current cases arose fro 
intravascular thromboses within the lesser cir- 
culation itself. It is well known that the in- 
jection of abnormal amounts of thromboplas- 
tie substances into the systemic venous 
circulation is associated with widespread 
intravenous thromboses.** Spaet** has reported 
that the normal portal venous system toler- 
ates much greater quantities of such injected 
thromboplastic material than does the systemic 
venous system. If such thromboplastie mate- 
rial were normally present in the portal sys- 
tem, or were present in increased amounts in 
persons with portal hypertension, one might 
speculate that its being shunted past the liver 
would lead to thromboses in the lesser circu- 
lation. 

Certain other pulmonary vascular abnor- 
malities in these patients were probably a 
consequence of the pulmonary hypertension 
rather than part of its cause. These changes 
included medial muscular hypertrophy in ar- 
teries and arterioles as well as occasional in- 
stances of arterial necrosis. Medial muscular 
hypertrophy has been reported in a variety 
of disorders in which the pulmonary arterial 
bed has been subjected to high pressure.’ »* 
Necrosis of arterial walls has also been found 
to be a nonspecific reaction to pulmon iry 
arterial hypertension.® 1° In one of our cxses 
(no. 6), necrotizing and inflammatory vas:u- 
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|.» changes were extensive and disproportion- 
at’ to other vascular alterations. This may 
h: ve been an indication that pulmonary pres- 
sue was higher in this case than in other cases 
o) that it was more recent in onset. It is also 
p: sible that the necrotizing changes in this 
i: tividual were not the consequence of hyper- 
sion alone. A similar question revolves 
ut the origin of the arteritis so commonly 
scribed in other cases of ‘‘primary’’ pulmo- 
‘y hypertension.?: ® 10-12 
\lultiple pulmonary arteriovenous fistulas 
another possible basis for cor pulmonale in 
ises of portal hypertension. A case of mul- 
tiple pulmonary arteriovenous fistulas has 
been reported in a patient with juvenile cir- 
rhosis.1% Fistulas were not found in any of 
tle current cases by serial section or injection 
studies. Recent physiologic investigations of 
the pulmonary circulation in persons with cir- 
rhosis also have failed to demonstrate such 
shunts.?¢ 
Finally, persons with hepatic cirrhosis and 
portal hypertension may have an increased 
cardiae output.!® 27 In the cases previously 
reported, the increases have not been of suffi- 
cient magnitude to cause pulmonary hyper- 
tension. However, increased cardiac output 
might have contributed to the hypertension in 
the current series. It is well known that per- 
sons with a restricted pulmonary vascular bed 
have a disproportionate rise in pulmonary 
arterial pressure with rises in cardiac out- 
put.?8 
Summary 
Six cases are described in which there was 
a coexisting pulmonary arterial and portal 
venous hypertension. In 5 of the eases, the 
pulmonary vascular lesions responsible for 
the pulmonary hypertension resembled those 
n in eases of recurrent embolization. Three 
the cases had portal venous thromboses. 
‘ie of these also had thrombosis of esophageal 
rices. These thrombi may have been the site 
origin for pulmonary emboli. Other pos- 
‘le causes of the pulmonary vascular lesions 
e also discussed. In one case, there was a 


vere necrotizing arteritis in the pulmonary 
terial tree. 
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Summario in Interlingua 

Es deseribite sex casos de co-existentia de hyper- 
tension pulmono-arterial e porto-venose. In cinque del 
casos, le lesiones pulmono-vaseular responsabile pro 
le hypertension pulmonar resimilava le lesiones vidite 
in casos de recurrente embolisation. Tres del pa- 
tientes habeva thromboses porto-venose. Un de istes 
habeva etiam thrombosis de varices esophagee. II es 
possibile que iste thrombos esseva le sito de origine 
del embolos pulmonar. Es discutite etiam altere pos- 
sibile causas del lesiones pulmono-vaseular. In un 
del casos, il habeva sever arteritis necrotisante in 
le vasculatura arterial del pulmon. 
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On Cardiac Murmurs 
By Austin Fuint, M.D. 

If the murmur in the neck be a propagated murmur it will differ from that at the 
base of the heart chiefly as regards intensity; the pitch and quality will not be materially 
changed. If it be rough or soft at the base of the heart, it will be the same in the neck; 
if the pitch be high or low at the base of the heart, it will be the same in the neck. On 
the other hand, a murmur produced within the earotid, will be likely, in the great 
majority of cases to differ in quality and pitch from a coexisting murmur at the aortic 


orifice—Am. J. M. Sc. n.s. 44: 29, 1862. 
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Physiologic Differentiation of Pulmonic Stenosis 
with and without an Intact Ventricular Septum 


By J. 1. E. Horrman, M.D., ABrantiam M. Rupoupen, M.D., 
ALEXANDER S. Napas, M.D., anp Minton H. Paun, M.D. 


‘ITH THE advent of open-heart sur- 

YY gery it has become more than ever im- 
portant to differentiate between pulmonic 
sinosis with an intact ventricular septum 

esignated as pulmonic stenosis) and pul- 
,onie stenosis with a_ right-to-left shunt 

rough a ventricular septal defect (tetralogy 

Fallot) because of their different operative 

eatment and operative mortality. Failure 
i. close an associated ventricular septal de- 
feet after completely relieving the obstruction 
to right ventricular outflow may produce a 
large left-to-right shunt and bring on conges- 
tive heart failure;'* if enough obstruction 
remains, there may be no or little left-to-right 
shunt but the treatment cannot then be con- 
sidered ideal.” 

Unfortunately, attempts to detect the ven- 
tricular septal defect at operation by passing 
a finger down through the pulmonary valve 
or by looking for an immediate left-to-right 
shunt into the right ventricle may be unsuc- 
cessful. The alternative of performing rou- 
tine right ventriculotomy would disclose un- 
suspected ventricular septal defects but has 
the disadvantage that it could lead to com- 
plications like hemorrhage, ventricular rup- 
ture,? or ventricular aneurysm.' An accurate 
anatomic diagnosis preoperatively is there- 
fore very important and this may usually be 
(lone by routine clinical and radiologic exam- 
ination and electrocardiography.*7? There are 
mes, however, when these studies are not 
alequate to make a definite diagnosis; then 
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aid must be sought from cardiac catheteriza- 
tion with indicator-dilution studies and angio- 
cardiography if necessary. It is the purpose 
of this paper to present some of the impor- 
tant findings at cardiac catheterization and 
to relate them to some of the clinical and pho- 
nocardiographie signs that help to distinguish 
pulmonie stenosis from tetralogy of Fallot. 


Material and Methods 

Since May 1957 46 patients (25 male and 21 
female) with pulmonic stenosis have been cathe- 
terized at the Children’s Medical Center. Their 
ages ranged from 6 to 43 years; 8 were under 5, 
and 13 were 5 to 9 years old. Most of them had 
moderate or severe pulmonic stenosis, and the 
clinical features were typical in 37. A pressure 
gradient from right ventricle to pulmonary artery 
was demonstrated during cardiac catheterization 
in 43, and pulmonic stenosis was suggested by 
clinical findings and angiocardiography in the 
other 3. Twenty-nine had arterial oxygen satura- 
tions over 94 per cent, but 6 of these showed small 
right-to-left shunts by indiecator-dilution curves 
or a fall of arterial oxygen saturation on exercise; 
the other 17 had decreased resting arterial oxygen 
saturations as low as 52 per cent. The atrial level 
of the shunt was demonstrated by indicator-dilu- 
tion curves or by finding that peripheral arterial 
oxygen saturation was similar to that in the left 
atrium. There were no patients with a left-to-right 
shunt in this group and none was excluded for 
this reason. 

In the same period 42 patients (20 male and 22 
female) with tetralogy of Fallot were catheterized. 
Their ages ranged from 10 months to 36 years; 
15 were under 5, and 13 were 5 to 11 years old. 
It has not been our practice to catheterize all pa- 
tients with this diagnosis; these individuals were 
selected to find out how large the left-to-right 
shunt was in 4 who were not doing well after anas- 
tomotie operations, to study 26 before complete 
surgical repair, and to investigate 12 who had one 
or more atypical features (large pulmonary ar- 
tery, possible left ventricular hypertrophy, split 
second heart sound, continuous murmur). 

Pulmonie stenosis was proved by finding a gra- 
dient from right ventricle to pulmonary artery 
during right heart catheterization in 38 and at 
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Figure 1 
A, left. Correlation of right atrial (RA) “a” wave and arterial oxygen saturation in 
pulmonic stenosis. B, right. Correlation of right atrial (RA) mean pressure and arterial 


oxygen saturation in pulmonic stenosis. 


operation in the other 4. The ventricular septal 
defect was proved by passing the catheter through 
it in 25 and by operation in 3, and was suggested 
by indicator-dilution curves in 8 and by angio- 
cardiography in 5; in the remaining one it was 
inferred from other features. That the great arter- 
ies were not transposed was shown by the position 
of the pulmonary artery at catheterization, angio- 
cardiography, and finding the oxygen saturation 
of blood in the pulmonary artery to be lower than 
that in the systemic arteries. In 3 with postopera- 
tive left-to-right shunts and 1 with a patent ductus 
arteriosus the oxygen saturation of pulmonary ar- 
terial blood was higher than that in the right ven- 
tricle, and 5 others had small left-to-right shunts 
through the ventricular septal defect. 

All patients were studied by routine clinical 
methods, electrocardiography, x-ray, and fluoro- 
seopy; most had phonocardiograms taken with a 
Sanborn Twin-Beam photographie recorder. Car- 
diae catheterization as described recently from this 
laboratory® was carried out in every instance. 
Right-sided cardiac pressures were recorded 
through no. 5 to 7 Lehman cardiac catheters rang- 
ing from 50 to 100 em. in length, and arterial 
pressures were recorded through no. 20 to 22 arte- 
rial needles. Simultaneous right ventricular and 
systemic arterial pressures were measured with sep- 


arate Statham P23D transducers. The catheter- 
transducer assemblies had natural frequencies of 
25 to 40 cycles per second and, in general, riglit 
ventricular pressures tended to be underdamped 
whereas arterial pressures were sometimes over- 
damped. Blood oxygen saturation was determined 
spectrophotometrically ;? indicator-dilution studies 
were made by injecting indigo carmine or indo- 
eyanine green into the right side of the heart or 
pulmonary artery and sampling from a systemic 
artery; and cineangiography as described recent- 
ly1® was done in selected cases. 
Results 

There were ‘‘a’’ waves (measured from the 
trough of the ‘‘y’’ to the peak of the ‘‘a’’) of 
5 mm. Hg or more in 35 of 46 patients with 
pulmonic stenosis and only 6 of 41 patients 
with tetralogy of Fallot; none of these 6 was 
over 7 mm. Hg. The highest ‘‘a’’ waves ov- 
curred in patients with pulmonic stenos’s 
who had either no, or only a small, right-to- 
left shunt and a high right ventricular sy-- 
tolic pressure (figs. 14 and 2A). Low ‘‘a’ 
waves occurred at any arterial oxygen satvr 
tion or right ventricular systolic pressure. 
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| ight atrial mean pressures were also low 
in etralogy of Fallot and on the average only 
sli htly higher in pulmonic stenosis ; the high- 
est mean pressure of 15 mm. Hg was in a boy 
wi i severe pulmonic stenosis and pericardial 
eff sion. In pulmonie stenosis the mean pres- 
sues in the right atrium correlated only 
sli htly with arterial oxygen saturation and 
ric it ventricular systolic pressure (figs. 1B 
ani 2B). 
Pu.nonary Artery Pressure 

“he ranges of pulmonary artery mean pres- 
sues were similar in the 2 groups with the 
ex -eption of 1 boy with tetralogy of Fallot 
wlio showed pulmonary arterial hypertension 
afier an aorto-pulmonary anastomosis (fig. 
3); the average was slightly higher in pul- 
monie stenosis. These pressures were not re- 
laied to right ventricular systolic pressure in 
either group but the highest pulmonary artery 
mean pressures tended to occur with the high- 
est arterial oxygen saturations and pulmonary 
blood flows. 


Mean Left Atrial or Pulmonary Artery Wedge 
Pressures 


These measurements were in the normal 
range for both groups. On the average the 
mean pulmonary artery wedge pressures 
alone or pooled with left atrial mean pres- 
sures were a little higher in pulmonic stenosis 
than in tetralogy of Fallot; there were too 
few left atrial pressure measurements for 
adequate, separate comparison. No correlation 
was found with pulmonary blood flow (abso- 
lute or relative to body surface area) but there 
was a tendeney for these pressures to be 
lower at lower arterial oxygen saturations. 

The gradients from pulmonary artery to 
left atrium or pulmonary artery wedge were 
similar in range and average in the groups 
except in the boy with pulmonary hyperten- 
sion, 


P:lmonary Blood Flow 

Pulmonary blood flow (absolute or relative 
t. the body surface area) varied widely inde- 
p-ndent of the type of anatomic lesion (figs. 
41 and 4B). The highest flows were in the 
oder and less severely affected patients in 
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each group, and the correlation with arterial 
oxygen saturation is shown in figure 5. 


Right Ventricular-Systemic Artery Systolic Pressure 
Gradients in Tetralogy of Fallot 


In 11 patients pressures in the ascending 
aorta and right ventricle were recorded in 
rapid succession when the catheter was passed 
through a ventricular septal defect, and pres- 
sures in 1 were recorded simultaneously from 
the right ventricle through a venous catheter 
and from the ascending aorta by a catheter 
passed retrograde up the aorta (table 14). In 
all but 2 patients aortic and right ventricular 
systolic pressures were within 3 mm. Hg of 
each other, in 1 a rise of 8 mm. Hg on passing 
from the aorta to the right ventricle was as- 
sociated with a 7 mm. Hg rise in brachial 
arterial systolic pressure, and in the patient 
with a difference of 31 mm. Hg between si- 
multaneous right ventricular and _ aortic 
pressure recordings the tracing registered 
through the aortic catheter was overdamped 
and that through the venous catheter was 
underdamped. 

Simultaneously recorded right ventricular 
and peripheral arterial systolic pressures in 
these same patients differed by as much as 
+27 to -24 mm. Hg (table 1B) and similar 
systolic pressure gradients wére found in an- 
other 25 patients in whom comparisons of 
right ventricular and aortic pressures were 
not obtained. 


Effect of Premature Beats on Ventricular and Sys- 
temic Arterial Systolic Pressures 


With a premature beat the systolic pressure 
fell in both ventricles and in the systemic 
arteries. When the next normal beat occurred 
the systolic pressure rose near to, or just 
above, its previous level (usually not more 
than 10 mm. Hg higher) in the left ventricles 
and systemic arteries of both groups and with 
two exceptions in the right ventricle in tetral- 
ogy of Fallot (fig. 6). In pulmonic stenosis, 
however, the postectopie right ventricular sys- 
tolic pressure was always higher than its pre- 
vious level by more than 10 mm. Hg; in 27 
the maximum increment in right ventricular 
systolic pressure was 11 to 30 mm. Hg; in 16 
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Figure 2 
A, left. Correlation of right atrial (RA) “a” wave and right ventricular (RV) systolic 
pressure in pulmonic stenosis. B, right. Correlation of right atrial mean pressure and 


it was 31 to 50 mm. Hg, and in 1 it was 75 
mm. Hg. The change in right ventricular 
systolic pressure was always greater than that 
in the systemic artery. The maximal post- 
ectopic rise in right ventricular systolic pres- 
sure in tetralogy of Fallot was 16 mm. Hg, 
but each time the right ventricular systolic 
pressure rose above its previous level there 
was an equivalent rise in the simultaneously 


recorded systemic arterial systolic pressure 
(fig. 7). 


Shape of the Right Ventricular Pressure Curve 

Normally the right ventricular pressure 
rises rapidly, then rises more slowly (or even 
falls a little) and then falls rapidly; these 3 
phases are usually clearly demarcated from 
each other.1) 12 This shape of right ventricu- 
lar pressure tracing with almost parallel sides 
and a rounded or fiat top was found in all 
42 patients with tetralogy of Fallot and also 
in 15 of 46 patients with pulmonic stenosis. 
The remaining 31 patients with pulmonic 
stenosis had triangular right ventricular 
pressure curves in which these distinct phases 
were not shown (fig. 8). 

In an attempt to assess curve shape objec- 
tively a ratio was made of the width of the 


right ventricular (RV) systolic pressure in pulmonic stenosis. 


right ventricular pressure curve 30 per cent 
below its systolic peak to its width 30 per 
cent above zero baseline (or 20 per cent above 
and below systolic pressure divided by 2). 
This ratio was more consistent than ratios of 
widths nearer the top and bottom of the 
curve, but still varied at different times dur- 
ing catheterization. In 40 patients the maxi- 
mum differences in ratios (each the average 
of 3 successive curves) varied from 0 to 23 
per cent; 23 differences were 5 per cent or 
less, and all but 3 were under 13 per cent. 
These variations could not always be attrib- 
uted to differences in damping, which at times 
did not a'ter the ratio. Errors of measuremen| 
were estimated to account for a maximum 
variation of +5 per cent at a paper speed of 
100 mm. per second at which most of thes 
ratios were measured. 

In figure 9 are the ratios for the right ven 
tricle in pulmonic stenosis and tetralogy o 
Fallot, with the left ventricular ratios fron 
both groups for comparison. Generally, th 
right ventricular ratios in tetralogy of Fallo 
were similar to those for the left ventric] 
and higher than those for pulmonic stenosis 
but discrimination between the 2 groups wa 
poor because many with pulmonic stenosi 
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Figure 3 
Frequency distribution of pulmonary arterial (PA) mean pressure in tetralogy of Fallot 
(PS, VSD, R>L) and pulmonic stenosis (PS). 


had high ratios. In pulmonic stenosis there 
was no consistent relationship between the ra- 
tio and the right ventricular systolic pressure 
or the arterial oxygen saturation (fig. 10). 
Site of the Stenosis 

The site of the stenosis may be assessed at 
curdiae catheterization by noting on the flu- 
oresecopie sereen the position of the catheter 
ti) as the pulmonary arterial pressure trac- 
ing changes to a right ventricular pressure 
tracing, by inspecting the pressure tracings 
for evidence of an infundibular chamber, and 
b) angiocardiography. Confirmation of this 
assessment may be obtained when the heart 
is examined at operation or autopsy. 

'n pulmonie stenosis the site of pressure 
chinge was judged to be at the level of the 
viive in 35 of 43 patients; 17 of these were 
co ifirmed at open-heart operation and 1 was 
fond to be subvalvular. Five others were 
thought to have valvular and infundibular 
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stenosis, and at open-heart operation in 3 
there was 1 with double stenosis but the other 
2 had only valvular stenoses. Three were 
thought to have pure infundibular steno 
sis,*3. 3 and this was proved in the only one 
operated on. In the patients with pulmonic 
stenosis a Bernouilli effect (a negative sys- 
tolic pressure in the pulmonary arterial trac- 
ing) was present in 22, absent in 17, and 
doubtful in 2. It was not related to arterial 
oxygen saturation but was absent in all 4 
patients whose right ventricular systolic pres- 
sures were below 60 mm. Hg and absent in 
only 2 of 9 with right ventricular systolic 
pressures over 160 mm. Hg. In 1 patient it 
oceurred on passage of the catheter from the 
infundibulum into the body of the right ven- 
tricle. 

In tetralogy of Fallot the stenosis was 
thought to be valvular in 7, valvular and in- 
fundibular in 14, infundibular in 10, and of 
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Figure 4 
A, left. Frequency distribution of pulmonary blood flow (Q,) in tetralogy of Fallot 
(PS, VSD, R>L) and pulmonic stenosis (PS). B, right. Frequency distribution of pul- 
monary blood flow index (Q,) in tetralogy of Fallot and pulmonic stenosis. 


undetermined site in 7. There was only mod- 
erate correlation between these estimates and 
the findings at angiocardiography or open- 
heart operation. A Bernouilli effect was defi- 
nite in 7 and probable in another 2; all but 
1 had valvular stenoses and 2 had additional 
infundibular stenoses. The arterial oxygen 
saturation of these 9 patients ranged from 72 
to 95 per cent, and pulmonary blood flow was 
markedly reduced in 4 of them. 


Obstruction of the Right Ventricular Outfiow Tract 
by the Catheter 


This obstruction occurred in 3 of 48 pa- 
tients with pulmonie stenosis and 4 of 38 with 
tetralogy of Fallot. All 3 with pulmonie steno- 
sis had marked valvular stenosis and right-to- 
left shunts, though in 1 the arterial oxygen 
saturation was 96 per cent; 3 of those with 
tetralogy of Fallot had infundibular stenosis. 


During obstruction by the catheter 2 patients 
in each group showed abnormal signs or 
symptoms (restlessness, vomiting, bradycar- 
dia, cyanosis, pallor) and the arterial oxygen 
saturations measured at this time in 3 pa- 
tients were 11, 14, and 15 per cent. 


Time of Closure of the Aortic and Pulmonic Valves 
The relative times of closure of the semi- 
lunar valves may be determined by identify- 
ing the two components of the second heart 
sound on the phonocardiogram. In tetralogy 
of Fallot the second heart sound is usual!y 
single but is sometimes narrowly split (fiz. 
11). By contrast, in pulmonic stenosis tlie 
second heart sound is usually widely split 
(fig. 12), and this may be noted even wh:n 
the pulmonary blood flow and pressure are ‘s 
low as those found in tetralogy of Fallot. 
It is also possible to infer the times >f 
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Pigure 5 ; 
Correlation of pulmonary blood flow index (Q,) and arterial oxygen saturation in tetral- 


ogy of Fallot and pulmonic stenosis. 


semilunar valve closure from the pressure 
tracings. Aortic valve closure occurs at the 
time of the dicrotic notch of the central aortic 
pulse or approximately at that point on the 
descending limb of a left ventricular pressure 
curve that corresponds to the dicrotiec notch 
pressure of a peripheral arterial pulse. Pul- 
monie valve closure may be similarly deter- 
mined from pulmonary arterial and right 
‘entricular pressure tracings, and if the di- 
‘rotie notch is not well defined, the use of 
pulmonary arterial mean pressure introduces 
ittle error. In 7 patients with severe pul- 
nonice stenosis the delay of pulmonic valve 
‘losure with respect to aortic valve closure 
vas 0.06 to 0.14 second (mean 0.09 second), 
vhereas in 1 patient with mild pulmonic ste- 
iosis the difference was only 0.02 second. In 
etralogy of Fallot the maximum measured 
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delay was 0.07 second, and the average differ- 
ence for 21 patients (many of them with 
marked stenosis) was 0.005 second. 

To obviate errors due to measurement or to 
alteration of the heart rate simultaneous pres- 
sure tracings were obtained from right and 
left ventricles in patients with pulmonic ste- 
nosis and tetralogy of Fallot (fig. 13); the 
similarity of the 2 tracings in tetralogy of 
Fallot and the prolongation of the right ven- 
tricular pressure curve in pulmonic stenosis 
are well known. 

Discussion 
Right Atrial Pressures 

The normal atrial ‘‘a’’ waves and mean 
pressures in tetralogy of Fallot and their ele- 
vation in some patients with pulmonic steno- 
sis confirm previous reports.*> 71416 Jn 
pulmonic stenosis the inverse relationship be- 
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Figure 6 
Top. In pulmonic stenosis after ectopic beats the right ventricular (RV) systolic pressure 
rose 36 mm. Hg above its previous level while simultaneous brachial arterial (BA) sys- 
tolic pressure rose only 12 mm. Hg. Bottom. In tetralogy of Fallot after ectopic beats 
the right ventricular (RV) systolic pressure and the simultaneous brachial arterial (BA) 


systolic pressure rose 5 mm. Hg. 


tween right atrial pressures and peripheral 
arterial oxygen saturation (figs. 1 and 2) may 
depend on the size of the interatrial commu- 
nication. Some patients with large right-to- 
left shunts and marked clinical disability 
(severe limitation of effort, large hearts) had 
low right atrial and merely moderately raised 
right ventricular systolic pressures (about 100 
mm. Hg) and this might be explained by the 
presence of a large patent foramen ovale or 
atrial septal defect.'* A large interatrial com- 
munication could decompress the right atrium, 
and right ventricular contraction could be im- 


paired by loss of distending pressure or vol- 
ume from the right atrium" or by inadequate 
myocardial oxygenation. This large interatria! 
communication could also explain cyanosis 
dating from birth. By contrast, other patients 
have smaller interatrial communications and 
ean achieve similar sized or smaller right-to 
left shunts only by elevating their right atria 
pressures. 


Pulmonary Arterial and Left Atrial Pressures 
Slight differences between the average pu! 
monary artery mean pressures in these ° 
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Figure 7 
Simultaneous rise in right ventricular and brachial arterial systolic pressures after ectopic 


beats in tetralogy of Fallot. 


vroups and between the left atrial (or pul- 
monary arterial wedge) pressures have been 
reported before? } ‘and could have been due 
‘o the correlations between these mean pres- 
sures and pulmonary blood flow. In the pres- 
ent study more of the pulmonic stenosis group 
lad normal pulmonary blood flows and arte- 
rial oxygen saturations and when allowance 
was made for this variation there seemed to 
be little difference between the 2 groups. Pos- 
sibly these factors influence pulmonary arte- 
rial and left atrial pressures to similar ex- 
ents, and this may explain why the pressure 
radients across the pulmonary vascular bed 
vere similar in the 2 groups. For blood to 
ontinue to flow through the lungs there must 
e at least a minimal gradient between the 
sulmonary artery and the left atrium; since 
he left atrial pressures are normal in both 
‘roups, this gradient sets a lower limit for 
vulmonary arterial pressure that cannot be 
educed. 
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Ventricular and Systemic Arterial Pressures 

The similarity between systolic pressures in 
right and left ventricles, aorta, and peripheral 
arteries has been noted previously,® 7 15 18 19 
but in most reports right ventricular and sys- 
temic pressures were not measured simulta- 
neously and differences between central and 
peripheral pulses were not stressed. Table 1 
of the present study shows that when pul- 
monic stenosis was associated with a right-to- 
left shunt through a ventricular septal defect, 
the systolic pressures measured in the right 
ventricle and aorta were almost identical. 
That in the same patient there could be 
greater systolic pressure gradients between 
right ventricle of aorta and a peripheral ar- 
tery (table 1) may be explained by several 
factors: 

1. Systolic pressure in the peripheral artery 
is usually higher than that in the ascending 
aorta because of reflected waves or arterial 
resonance.2°-?4 This observation can be easily 
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=, 8 
Top. Right ventricular pressure curves in tetralogy of Fallot; in general they have flat 
or rounded tops, well demarcated from the rapidly rising and falling sides. Bottom. Right 
ventricular pressure curves in pulmonic stenosis (2 amplifications). Many but not all 
curves are triangular with no well-defined ejection plateau. The last 2 curves at the higher 
amplification occurred at different times during catheterization of 1 patient and dem- 


onstrate the variability of curve shape. 


confirmed by withdrawing a retrograde cath- 
eter from the ascending aorta toward the 
peripheral artery through which it was in- 
serted. In one patient with tetralogy of Fal- 
lot, for example, the femoral arterial systolic 
pressure was 12 mm. Hg higher than that in 
the ascending aorta when measured through 
the same catheter, and 14 mm. Hg above it 
when measured simultaneously through an 
arterial needle. In another patient the fem- 
oral arterial systolic pressure was 23 mm. Hg 
above that in the ascending aorta when meas- 
ured through the same catheter. 

2. Simultaneous systolic pressure gradients 
of this magnitude between aorta and periph- 
eral artery (measured through a catheter and 
an arterial needle respectively and with use 
of separate transducers) were found in 6 pa- 
tients in this series but in 10 others the sys- 
tolic gradient was less negative or even posi- 
tive. Diastolic pressures differed little, if at 
all. In most patients these variations in sys- 
tolic pressure gradients could be related to 
overdamping of the peripheral arterial pres- 
sure tracings relative to those in the right 
ventricle or aorta; this would decrease or even 
reverse the normal negative central-periph- 


eral systolic pressure gradient. The magnitude 
of the effect due to damping is well shown by 
two examples. In one patient 2 venous cath- 
eters were passed into the right ventricle and 
the simultaneous pressures were 111 to 9 and 
125 to 6. In another patient the first right 
ventricular pressure was taken when the ve 
nous catheter had been filled with blood to 
damp the tracing, the second as soon as it had 
been flushed with saline. With little change 
in the accompanying arterial pressure there 
was a change of 22 mm. Hg in the right ven- 
tricular systolic pressure. 

An additional source of variation is added 
when the pressures are measured simultane- 
ously with different transducers, for these 
and their amplifying systems may not be ex- 
actly matched; with care this variation is 
usually small. 

3. When arterial pressure is measured b) 
an arterial needle that faces the direction 0! 
blood flow, the recorded pressure will excee: 
the hydrostatic or lateral pressure by a 
amount equivalent to the kinetic energy 0 
flow at that point. For a velocity of flow o 
100 em. per second this excess would be abou 
4 mm. Hg and for a velocity of 200 cm. pe 
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ceecond it would be about 15 mm. Hg. Con- 
ersely, when a catheter faces away from the 
irection of flow, it registers a pressure lower 
han the hydrostatic pressure because of suc- 
ion at its tip; this decrement cannot be cal- 
ulated exactly, but is less than 4 mm. Hg at 
velocity of 100 em. per second.?>*" Veloci- 
ies in large arteries have been estimated at 
00 to 125 em. per second, with normal out- 
suts,?8*° so that differences due to increments 
nd decrements of kinetic energy are unlikely 
9 exceed 10 mm. He. 
These factors could explain the discrepan- 
ies between tables 1A and 1B, so that the 
nding of a systolic pressure gradient up to 
-30 mm. Hg between right ventricle and a 
peripheral systemic artery is still compatible 
vith a negligible gradient between that right 
ventricle and the aorta. The same factors 
vould, of course, accentuate or mask a real 
jut moderate gradient between these sites, 
although in none of these patients could this 
vradient have been big. In fact, the data sug- 
vest that a large ventricular septal defect 
allows rapid equilibrium of pressure on its 
two sides, so that the right ventricular sys- 
tolie pressure would not differ much from 
that in the left ventricle and aorta. This is 
not incompatible with a large flow from right 
ventricle to aorta, for in health there is usu- 
ally little gradient from a ventricle to the 
artery it discharges into; furthermore, meas- 
urements of maximum systolic pressures may 
obseure larger and more significant phasic 
eradients existing at certain instants of the 
cardiae eycle. 


Response to Premature Beats 


The marked difference between the 2 
vroups in the rise of right ventricular systolic 
pressure after premature beats confirms the 
lypothesis of rapid pressure equilibration in 
etralogy of Fallot. This method of distin- 
‘uishing the 2 groups has proved of great 
‘alue when the right ventricular systolic 
ressure has been at the systemic level and 
t has not been known whether or not there 
vas an associated ventricular septal defect. 
n practice, it is necessary to record enough 
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Number of Potients 


Number of Potients 


Raiio 
Figure 9 
Frequency distribution of the ratio width of ven- 
tricular pressure curve 30 per cent below systolic 
peak to width of curve 30 per cent above zero. 
LV, left ventricle; RV, right ventricle. 


ectopic beats to be sure that the maximal post- 
ectopic rise has been observed and to secure 
simultaneous systemic arterial and right ven- 
tricular pressures. 


Shape of the Right Ventricular Pressure Curves 

Another consequence of the rapid equilibra- 
tion of pressure across the ventricular septal 
defect is that the pressure curves in the right 
and left ventricles would be similar in shape 
(figs. 9 and 10). This type of ventricular 
pressure tracing with almost parallel sides 
and a flat or rounded top (ejection plateau) 
represents ventricular contraction against a 
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Figure 10 
Correlation of curve ratio and right ventricular systolic pressure in pulmonic stenosis. 
The dotted line represents the lower limit of the RV (right ventricle) ratio in tetralogy 


of Fallot. 


normally changing outflow resistance’ !° and 
was found in all patients with tetralogy of 
Fallot. By contrast, when there was pulmonic 
obstruction with an intact ventricular septum, 
the pressure tracings were often triangular 
with pointed tops ;*:* 1!)31 this is similar to 
what Fineberg and Wiggers!? found in ex- 
perimental pulmonary artery obstruction and 
ascribed to a more isometric type of ventricu- 
lar contraction. In distinction to the findings 
of Bouchard and Cornu,*! however, there were 
many with pulmonie stenosis whose right ven- 
tricular pressure curves resembled those in 
tetralogy of Fallot (figs. 8 to 10). This might 
indicate differences in ventricular responses 
to pulmonary valvular obstruction, variable 
infundibular hypertrophy, or perhaps arti- 
facts due to the position of the catheter; at 
different times during cardiac catheterization 
the curve shape may vary not only in the 
curve ratio but also in the shape of the peak. 
Whatever the reasons for this variation in 
curve shape in pulmonic stenosis it makes this 


an unreliable criterion for distinguishing the 
2 groups in the range in which their right 
ventricular systolic pressures are near sys 


temic levels. 


Site of the Stenosis 

Since the exact position of the pulmonic 
valve cannot be seen at fluoroscopy, it is diffi 
cult to be sure of its relation to the catheter 
tip when the change from pulmonary arterial! 
to right ventricular pressure takes place; it 
is particularly difficult to detect a subvalvulai 
stenosis that may be only a few millimeters 
below the valve. If the infundibular stenosis 
is further from the valve, it may be detected 
more easily but can be missed if the infundi 
bular chamber is short, if the catheter tip 
slips back rapidly into the body of the right 
ventricle, if pulmonary arterial and infundi 
bular pressures are very low or damped, 01 
if multiple ectopic beats prevent the record 
ing of a stable pressure from the outflow tract 
of the right ventricle. On the other hand, an 
infundibular chamber may be falsely diag- 
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Figure 11 


Phonocardiograms in tetralogy of Fallot. 
Pressures mm. Hg 

RV PA 

Patient Mean 
B 100 6 
Cc 88 8 
110 10 
115 8 
115 16 
S,, first heart sound; 
murmur; RV, right ventricle; P. 


Systolic 
D 
E 
F 


nosed if intermittent occlusion of the catheter 
tip by the wall of the right ventricular out- 
low tract produces a low systolic pressure 
there. Angiocardiograms may also be misin- 
erpreted; in particular, if the pulmonary 
Jlood flow is very small, it is possible to miss 
1 valvular stenosis that is associated with an 
nfundibular stenosis. 

Whether an anatomic infundibular stenosis 
axists with or without a pressure gradient de- 
pends partly on definition. In 2 patients with 
large systolic pressure gradients between the 
right ventricular infundibulum and body, the 
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(L./ 


Speed 75 min. per se 


Pulmonary Flow 
Min. 


0.8 
3.8 
3.6 
6.1 
4.3 


So, second heart sound; 


M.?) O:% 


c. Time interval 0.04 sec. 


Arterial Splitting of 


Sz (sec.) 

0.03 
0.02-0.04 
0.04-0.05 

0.05 

95 0.07 

89 0.04 
systolic murmur; DM, diastolic 


Very severe disease 
52 
on 
91 
91 


SM, 


1, pulmonary artery. 


right ventricular outflow tract was seen on 
cineangiography to constrict in systole and 
to dilute widely in diastole. Evidently the 
infundibular gradient and stenosis here due 
to marked hypertrophy of the muscle of the 
crista supraventricularis, and similar hyper- 
trophy was found in many patients at open- 
heart operation even if no gradient had been 
found at cardiae catheterization. After val- 
votomy this gradient may become mani- 
fest®? 83 but as long as the obstruction is due 
to muscle and not to fibrous tissue it has been 
our experience (based on recatheterization in 
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Table 1 


Comparison of Pressures in Right Ventricle, Aorta, and Peripheral Artery in Tetralogy 


of Fallot 





A. Right ventricle and aorta 


Right Systolic gradient 


ventricle Aorta RV-aorta 


B. Right ventricle and peripheral artery 


Systolic gradient 
Right Peripheral RV-peripheral 
ventricle artery artery 








109/8 


83/-7 
115/ 
(134 


119, 
(128 129/67) 
105/: 104/64 
92/ 95/63 
99/60) 
89/59 
72/60) 
108/67 
100/70) 


80/52 
82/51) 


96/54 
90/64 
137/6 106/82 +31* 


123/11 96/64 BA +27" 
108/-1 97/54 4+11* 


93/1 89/48 FA +4* 


115/- 134/80 BA —19 
114/4 138/82 —24 


111/4 119/69 FA —8 
119/1 128/71 —9* 


82/10 88/45 FA 


92/1 92/57 


92/0 97/58 
97/0 79/68 


125/10 99/65 
108/7 100/70 


82/5 83/52 


104/4 106/56 
128/2 143/88 
137/6 118/84 





*Second tracing overdamped relative to first tracing. 
Figures in parentheses are simultaneous peripheral arterial pressures. 


BA, brachial artery; FA, femoral artery. 


a few and on clinical and electrocardiographic 
evidence of regression of right ventricular 
hypertrophy) that it will regress with time. 

Infundibular stenosis was diagnosed at car- 
diae catheterization more often in patients 
with tetralogy of Fallot as found by many 
other workers.** #3 Agreement among esti- 
mates of the site of the stenosis obtained from 
pressure tracings, cineangiocardiography and 
open-heart operation was only moderately 
good. These estimates may never agree com- 
pletely, partly because of the technical diffi- 
culties mentioned earlier and partly because 
to some extent these three ways of estimating 
stenosis measure different aspects of it. 

As expected, the Bernouilli effect was found 
usually when there was valvular stenosis, for 
its production depends on the passage of a 
narrow jet of fluid into a relatively dilated 


tube; there can, however, be an associated 
infundibular stenosis and rarely this may be 
the only site of stenosis. The Bernouilli effect 
was not always found when there was valvu- 
lar stenosis. We were unable to confirm or 
deny the contention of Bouchard and Cornu*! 
that these exceptions depend on the shape of 
the valve but agree with them that the effec! 
may be missed if the catheter is withdraw) 
from the pulmonary artery too rapidly. Th: 
absence of this phenomenon in mild pulmoni: 
stenosis may also be explained by an insuffi 
cient change in the dynamics of blood flov 
through the valve. 


Catheter Obstruction of the Outflow Tract 


The signs, symptoms, and hemodynami 
features that follow obstruction of a stenoti 
pulmonary valve by a catheter have been di 
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Figure 12 
Phonocardiograms in pulmonic stenosis. Speed 75 mm. per sec. Time markings 0.04 sec. 


Pressures mm. Hg 
RV PA 
Mean 


12 
12 
10 


Patient Systolic 
A 125 
B 125 


C 220 


S,, first heart sound; Sy, second heart sound; SM, systolic murmur; 


tricle; PA, pulmonary artery. 


seribed.* All but one of the patients in that 
report had valvular pulmonic stenosis with 
an intact ventricular septum, but the phe- 
nomenon has also been encountered when the 
stenosis has been infundibular and associated 
with a ventricular septal defect. It is thus 
not the anatomic type of lesion but rather 
the narrowness of the outflow tract relative 
to the diameter of the catheter that permits 
obstruction to occur. Both in pulmonic ste- 
nosis and tetralogy of Fallot the arterial oxy- 
ven saturation may drop to dangerously low 
levels. 
Phonocardiographic Signs 

The final consequence of the presence or 
vbsence of a ventricular septal defect when 
‘here is pulmonic stenosis is shown in the 
“useultatory signs of these two lesions. When 
‘he ventricular septum is intact, right ven- 
‘ricular systole is prolonged abnormally be- 
ond left ventricular systole: this leads to 
wo of the cardinal phonocardiographie and 
‘useultatory signs, namely, the widely split 
econd heart sound and the extension of the 
ystolic murmur beyond the aortic component 
‘£ the second heart sound.**%* By contrast, 
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when pulmonic stenosis is associated with a 
right-to-left shunt through a ventricular sep- 
tal defect, the second sound is usually single 
or narrowly split and the systolic murmur 
does not pass beyond it.3* Leatham** has 
argued that right ventricular ejection is pro- 
longed in these cases as well but that pulmonic 
valve closure is not heard long after aortic 
valve closure because of the very low pul- 
monary blood flow and pulmonary arterial 
pressure. The following points, however, may 
be cited as strong evidence that right ven- 
tricular systole is not prolonged in tetralogy 
of Fallot and that aortic and pulmonie valve 
closure are close together or even simultane- 
ous: 

1. Pulmonary blood flow and pulmonary 
arterial pressure may be equally low in the 


2 groups (figs. 3, 5, and 6). Even when low 


in pulmonic stenosis they may be associated 
with detectable wide splitting of the second 
heart sound and passage of the systolic mur- 


mur beyond aortie valve closure (fig. 12). 
2. In some patients with tetralogy of Fallot 
the second heart sound may be narrowly split 


(fig. 11). The widest split in our series was 
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Figure 13 

Simultaneous right (RV) and left (LV) ventric- 
ular pressure curves (top) and right ventricular 
(RV) and aortic (Ao) pressure curves (bottom), 
in pulmonic stenosis and tetralogy of Fallot. The 
phonocardiograms (PCG) were taken by external 
microphone at the same time. S,, first heart sound; 
S», second heart sound. 


0.07 second in a boy who had very little right- 
to-left shunt and was therefore to some extent 
like a patient with pulmonic stenosis. 

3. After a successful anastomosis between 
the pulmonary artery and the aorta or sub- 
clavian artery the pulmonary arterial blood 
flow and pressure rise. Nevertheless, the sec- 
ond heart sound has in our experience al- 
ways remained single or narrowly split as 
wou'd be expected because the equilibration 
of right and left ventricular pressures is not 
affected by the anastomosis. In 4 patients 
with tetralogy of Fallot studied by cardiac 
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catheterization after anastomotic operations 
the right ventricular pressure curves showed 
all the characteristics of tetralogy of Fallot 
described in this paper. The phonocardio- 
gram of one of them (fig. 11/’) demonstrated 
the closely split second heart sound. 

4. In tetralogy of Fallot the right and left 
ventricular pressure tracings are similar in 
shape with rapid pressure fa!ls at the end of 
systole. This is particularly well shown in 
simultaneous pressure tracings (fig. 13). 

. Measurements of the pressure tracings 
mn failed to reveal marked delay of pul- 
monie closure in tetralogy of Fallot although 
this marked delay was found in pulmonic 
stenosis and the differences were great despite 
allowance for errors of measurement. Align- 
ment of pulmonic valve closure (and the pul- 
monie component of the second heart sound) 
with the time when the right ventricular pres- 
sure falls below that in the pulmonary artery 
may be incorrect if the pressure in an in- 
fundibular chamber is sustained beyond that 
in the body of the right ventricle, and if the 
stiffness of the pulmonary valves leads to 
delay in their closure. Our own observations 
(fig. 14) and those of Rodbard and Shaffer** 
show that pressure in the infundibular cham- 
ber falls with or before the pressure in the 
body of the right ventricle, though there may 
be patients in whom this does not happen. 
Increased stiffness of the pulmonary valves 
has not to our knowledge been investigated 
so far but it is unlikely to be of paramount 
importance because in pulmonic stenosis in 
which the pulmonary valve is known to be 
thick and often stiff, the delay of the pul- 
monic component of the second heart sound 
matches the delay in the reversal of the right 
ventricular-pulmonary artery pressure gradi- 
ent. There is no good reason why this a 
differ in patients with tetralogy of Fallot, 
many of whom, moreover, the stenosis is in- 
fundibular and not valvular. 

Another phonocardiographie distinction be- 
tween the 2 groups was made by Vogelpoel 
and Schrire** and has been confirmed and em- 
phasized here. In tetralogy of Fallot the 
systolic murmur begins early and dominates 
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tle first half of systole, whereas in pulmonic 
stenosis it begins later and dominates the 
s cond half of systole. The difference is prob- 
a ily related to the more rapid right ventricu- 
lsr pressure rise and thus more rapid right 
v-nticular ejection in tetralogy of Fallot, and 
nay serve as a more sensitive index of the 
rite of right ventricular ejection than does 
the shape of the right ventricular pressure 
cirve. Uncommonly the systolic murmur has 
been midsystolic in a few in each group and 
three times has been late in tetralogy of 
Fallot; in each of these exceptions, however, 
the distinction between the 2 groups could 
be made by the splitting of the second heart 
sound and the relation of the end of the sys- 
tolie murmur to it. At present it is not pos- 
sible to explain how these variations come 
about. Nevertheless, it is usually possible 
with all the phonocardiographie features to 
make a diagnosis of pulmonic stenosis or 
tetralogy of Fallot and to infer from them 
some of the important hemodynamic changes 
in each lesion. 

These distinctions may not hold when there 
is pulmonic stenosis and ventricular inver- 
sion (corrected transposition). We have seen 
3 patients with this syndrome whose phono- 
cardiograms were typical of tetralogy of 
Fallot although there was no evidence of a 
ventricular septal defect at cardiac catheteri- 
zation. Although ventricular inversion is 
commonly associated with a ventricular septal 
defect, this is not invariable, so that in the 
absence of anatomic proof of the intactness 
of the ventricular septum in these 3 patients 
we should reserve judgment about the value 
0! phonoeardiography in distinguishing pul- 
1onie stenosis from tetralogy of Fallot in this 
s ndrome. 


Lifferential Diagnosis between Pulmonic Stenosis 
eid Tetralogy of Fallot 


A definitive distinction between pulmonic 
‘‘enosis and tetralogy of Fallot short of right 
‘entriculotomy is admittedly difficult. The 
‘nly preoperative proof of the existence of an 

ssociated ventricular septal defect is the 
assage through it of the cardiac catheter 
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Figure 14 

Pressure curves taken simultaneously in right ven- 
tricular body and infundibulum (left) and in right 
ventricular body and pulmonary artery (right) in 
tetralogy of Fallot. All curves recorded at same 
sensitivity. PCG, phonocardiogram; ECG, electro- 
cardiogram. 

from the right ventricle to the left ventricle 
or aorta. Failing this, the presence of an as- 
sociated ventricular septal defect may be 
strongly suspected in the following circum- 
stances : 

1. The right ventricular pressure curve has 
a flat or rounded top and almost parallel 
sides, the right ventricular systolic pressure 
is within the systemic range, and after ectopic 
beats the right ventricular systolic pressure 
does not rise more than 10 mm. Hg and does 
not separate from the systemic systolic pres- 
sure. 

2. A right-to-left shunt is shown by injec- 
tion of an indicator dye into the right ven- 
tricle. This does not provide unequivocal 
proof that the shunt takes place through a 
ventricular septal defect for, if there is tri- 
cuspid regurgitation and a right-to-left atrial 
shunt, indicator-dilution curves may not dem- 
onstrate the level of the shunt. A good selec- 
tive cineangiogram after injection of radio- 
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paque dye into the right ventricle should 
reduce or abolish this source of error and has 
the additional advantage of showing the anat- 
omy of the right ventricular outflow tract and 
pulmonary arteries. It is also possible to miss 
the right-to-left shunt through the ventricular 
septal defect if the indicator or dye is in- 
jected into the outflow region of the right ven- 
tricle beyond the defect or, when the right- 
to-left shunt is very small, if the indicator or 
dye is injected into the body of the right 
ventricle but not into the small stream that 
passes through the defect. 

3. The site of the stenosis is shown to be 
infundibular. The limitations of cardiac cath- 
eterization in defining the site of the stenosis 
have already been discussed and it is also 
true that infundibular stenosis does occasion- 
ally occur in pulmonie stenosis. Nevertheless, 
the clear demonstration of an infundibular 
stenosis would sway the diagnosis toward 
tetralogy of Fallot. 

4. Phonocardiogram shows a _  diamond- 
shape systolic murmur with most of the mur- 
mur early in systole or ending before a second 
sound that is single or narrowly split. 

Although every one of these distinctions is 
important, exceptions to each have been found. 
Consequently, no single criterion may be taken 
as conclusive, but if all are present, the diag- 
nosis of tetralogy of Fallot may be made with 
reasonable confidence. 

These differentiations between the two le- 
sions are based to a large extent on cardiac 
catheterization and its ancillary technics. It 
is not implied that cardiac catheterization is 
necessary in all instances to make the distine- 
tion with assurance; in many, if not most, 
clinical differentiation is easy. 


Summary 
Since May 1957 cardiac catheterization has 
been carried out in 46 patients with pulmonic 
stenosis and an intact ventricular septum 
(pulmonic stenosis) and 42 patients with pul- 
monie stenosis and a_ right-to-left shunt 
through a septal defect (tetralogy of Fallot). 


Right atrial pressures were usually higher 
in pulmonic stenosis. Average pulmonary ar- 
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terial and left atrial mean pressures we! 
similar in the 2 groups, as were the pulmonary 
blood flows. 

Although significant differences betwee 
right ventricular and systemic arterial sy: 
tolie pressures may be demonstrated in te! 
ralogy of Fallot, simultaneous right ven 
tricular and left ventricular or aortic systoli 
pressures were always within a few mm. H 
of each other. 

The postectopic right ventricular systoli 
pressure was always at least 10 mm. Hg abov 
its previous level in pulmonic stenosis, wherea 
in tetralogy of Fallot it almost never exceede: 
its previous level by mote than 10 mm. Hg. 

All patients with tetralogy of Fallot ha: 
flat-topped right ventricular pressure curves 
whereas 31 of 46 patients with pulmonic st 
nosis had triangular right ventricular pres 
sure curves. 

The phonocardiogram was found to b 
among the most useful tools in differentiating 
the 2 groups. Auscultatory phenomena of 
severe pulmonic stenosis with a widely split 
second heart sound, late crescendic diamond 
shaped systolic murmur, and persistence of 
this murmur beyond the sound of aortic clo 
sure differed strongly from tetralogy of Fallot 
of equal severity. 

At eardiae catheterization proof of the 
presence of a ventricular septal defect may 
be gained by passing the catheter through it. 
If this is not done, the presence of a ventricu 
lar septal defect may be strongly inferred if 
the right ventricular pressure curve has al 
most parallel sides and a flat or rounded top, 
if the right ventricular systolic pressure is 
near that in the systemic circulation, and if 
it does not rise after ectopic beats more than 
10 mm. Hg above its previous level. For 
greater certainty in diagnosis indicator-dilu- 
tion curves or angiocardiography should be 
done. 

The accurate preoperative diagnosis of the 
presence or absence of a ventricular septal de- 
fect is extremely important, for at open-heart 
operation it is essential not to miss the ven 
tricular septal defect after completely reliev- 
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"ULMONIC STENOSIS 


‘ug the obstruction to right ventricular out- 
iow; it is just as important not to do un- 
ecessary right ventriculotomies. 


Summario in Interlingua 

Depost maio 1957, catheterismo cardiac esseva ef- 
eetuate in 46 patientes con stenosis pulmonic e un 
ataete septo ventricular (stenosis pulmonic) e in 42 
vatientes con stenosis pulmonic e un derivation dex- 
ero-sinistre per un defecto septal (tetralogia de Fal- 
ot). 

Le tension dextero-atrial esseva usualmente plus 
Ite in le easos de stenosis pulmonic. Le valores 
nedie del tension pulmono-arterial e del tension medie 
inistro-atrial esseva simile in le 2 gruppos. Le mes- 
no valeva pro le fluxo de sanguine pulmonar. 

Ben que significative differentias inter le tensiones 
systolic dextero-ventricular e systemo-arterial pote 
esser demonstrate in tetralogia de Fallot, le mesura- 
tiones simultanee del tensiones systolic dextero-ven- 
tricular e sinistro-ventricular o aortic differeva nun- 
juam per plus que alicun mm de Hg. 

Le postectopiec tension systolic dextero-ventricular 
esseva semper al minus 10 mm de Hg supro su previe 
nivello in le casos de stenosis pulmonic durante que in 
le easos de tetralogia de Fallot, illo quasi nunquam 
exeedeva su previe nivello per plus que 10 mm de Hg. 

Omne le patientes con tetralogia de Fallot habeva 
curyas de tension dextero-ventricular a culmines platte, 
durante que 31 del 46 patientes con stenosis pulmonic 
habeva curvas triangular de tension dextero-ventricu- 
lar. 

Esseva trovate que le phonocardiogramma es inter 
le plus utile medios pro le differentiation del 2 condi- 
tiones. Le phenomenos auscultatori de sever stenosis 
pulmonie—un extensemente findite secunde sono c¢ar- 
diae, un tardive e ecrescendie murmure systolic de 
configuration rhombiforme, e le persistentia de iste 
murmure in ultra del sono del clausion aortic—differ- 
eva mareatemente ab illos de tetralogia de Fallot del 
mesme grado de severitate. 

Catheterismo cardiae permitte provar le presentia 
le un defeeto ventriculo-septal per passar le catheter 
i transverso ille defecto. Si isto non es facite, le 
presentia de un defecto ventriculo-septal pote esser 
suspicite con alte grados de probabilitate si le curva 
de tension dextero-ventricular ha lateres que es quasi 
parallel e culmines que es platte o ronde, si le ten- 
sion systolic dextero-ventricular es in le vicinitate 
del tension del circulation systemic, e si illo non 
monta post pulsos ectopie per plus que 10 mm de 
Hg in supra de su previe nivello. Pro obtener un 
plus alte grado de certitude in le diagnose, curvas 
de dilution de indicator o datos angiocardiographic 
debe esser obtenite. 

Le accurate diagnose preoperatori de presentia o 
absentia de defecto ventriculo-septal es extrememente 
importante, proque in le chirurgia cardiae aperte on 
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non debe negliger le defecto ventriculo-septal post 
completemente alleviar le obstruction al effluxo dex- 
tero-ventricular, sed on etiam debe evitar le ventricu- 
lotomia dextere si un tal non es necessari. 
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The perplexity was further increased by the existence of murmurs independent of val- 
vular disease, and accompanying both hypertrophy with dilatation, and a nervous action 
of the heart without any organic lesion whatever. These murmurs Laennec attributed to a 
wrong cause: viz. to the sound of the muscular contraction, instead of to the modified 
motion of the fluid; which I presume to consider the true cause—J. Horr, M.D. Diseases 
of the Heart and Great Vessels. London, William Kidd, 1832, p. 15. 
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Pulmonic Stenosis, Ventricular Septal Defect, 
and Right Ventricular Pressure above Systemic Level 


By J. I. E. Horrman, M.D., Apranam M. Rupoupn, M.D., 
ALEXANDER S. Napas, M.D., ano Ropert E. Gross, M.D. 


IS USUALLY possible to distinguish 
sulmonie stenosis with an intact ventric- 
septum (designated as pulmonic stenosis) 
. pulmonic stenosis with a right-to-left 
it through a ventricular septal defect (te- 
wy of Fallot) by routine clinical, electro- 
iographic, and radiologic examination.’~* 

If ‘he diagnosis is still uncertain, it can as a 
ruly be made by phonocardiography and ear- 
dia’ catheterization,* particularly if there is 
very severe pulmonic stenosis with an intact 
ventricular septum. Characteristically in se- 
vere pulmonic stenosis the right ventricular 
systolic pressure is much higher than in the 
sysiemie circulation and rises still higher after 
ectopic beats; the right ventricular pressure 
tracing is triangular; and right ventricular 
systole is prolonged so that on phonocardiog- 
raphy the second heart sound is widely split 
and the systolic murmur passes beyond aortic 
valve closure. Unfortunately these commonly 
accepted criteria may be unreliable. In this 
paper 10 patients are reported who, although 
mecting most or all of these criteria for the 
(diaynosis of severe pulmonic stenosis (espe- 
cially with systolic pressures much higher in 
the right ventricle than in the systemic ar- 
terics), nevertheless were proved later to have 
an ssociated ventricular septal defect with a 
rig] t-to-left shunt. An attempt is made to in- 
dicste how even under these circumstances a 
correct preoperative diagnosis may be made. 
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Material and Methods 

These 10 patients were admitted to the Chil- 
dren’s Medical Center for investigation and oper- 
ation, and all but 1 were seen after June 1957. 
Cardiac catheterizations as described previously 
from this laboratory® were done in all, and phono- 
sardiograms were taken with a Sanborn Twin- 
Beam photographie recorder. 

Results 

Clinica!ly all of these patients had one or 
more signs suggestive of valvular pulmonic 
stenosis with an intact ventricular septum. 
There were large ‘‘a’’ waves in the jugular 
venous pulse in 4; the systolic thrill in 7 and 
the stenotic systolic murmur in 8 were maxi- 
mal at the second or third left intercostal 
space; the second heart sound was thought to 
be widely split in 4; and 2 with clinically se- 
vere pu'monic stenosis had no cyanosis. The 
electrocardiogram showed P pulmonale in 6 
and marked right ventricular hypertrophy in 
all 10; the R waves in lead V, were 20 to 30 
mm. high in 5 and over 30 mm. high in 4. On 
x-ray, 8 had cardiae enlargement (marked in 
4) and 4 had what was interpreted as post- 
stenotic dilatation of the pulmonary artery. 
Any of these signs may be found in an other- 
wise classical tetralogy of Fallot but all of 
them individually or together favor severe 
valvular pulmonic stenosis with an intact ven- 
tricular septum and high right atrial and 
ventricular pressures. 

Cardiae catheterization supported the diag- 
nosis initially when right atrial pressures over 
10 mm. He were found in 7, and in all 10 the 
right ventricular systolic pressure was above 
systemic levels. In 1 the right ventricular sys- 
tolic pressure of 125 mm. Hg was only 15 mm. 
Hg above that in the brachial artery, but in 
all the others it ranged from 150 to 250 mm. 
Hg, with a systolic gradient between right 
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Figure 1 
Right ventricular pressure curves with simultaneous aortic pressure curves (top) and 


brachial artery pressure curve (bottom). 


ventricle and systemic artery of 35 to 120 mm. 
Hg. An intact ventricular septum was further 
suggested when in 7 the right ventricular sys- 
tolic pressure rose 15 to 40 mm. Hg above its 
previous level after a premature beat; in the 
other 3 right ventricular pressures were not 
recorded during premature beats. 

The shape of the right ventricular pressure 
curve was roughly triangular (fig. 1) as found 
in pulmonic stenosis but not in tetralogy of 
Fallot. In 6 the ratio of the curve width 20 
per cent above the midsystolic pressure to the 
width 20 per cent below it was small and well 
under 0.70, the lower limit of the range estab- 
lished for tetralogy of Fallot ;* in the other 4 
the value of the ratio fell in the zone common 
to both groups. 

Despite this cumulative evidence of severe 


pulmonic stenosis all 10 patients had ventric- 
ular septal defects with right-to-left shunts. 
This was proved preoperatively in 2 by pass- 
ing the catheter from right ventricle to aorta 
through the defect. In these 2 as well as in 
5 other patients, indicator-dilution curves 
showed a right-to-left shunt at the ventricular 
level; in 2 of these the shunt was shown by 
injections made into the body of the right ven- 
tricle but not into the infundibulum. Indica- 
tor-dilution curves were also done in 2 of the 
remaining 3 patients and showed a right-to- 
left shunt at the atrial but not at the ventric- 
ular level. The magnitude of these right-to-l-ft 
shunts varied widely, so that systemic arterial 
oxygen saturation ranged from 47 to 93 jer 
cent; in 6 of the 10 it was between 80 and 39 
per cent. 
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Figure 2 
Electrocardiograms (top), external phonocardiograms (center), and pressure curves 
(bottom) to show that the notch in the ascending limb of the right ventricular body 
pressure curve occurs at the level of the systolic pressure in the right ventricular infun- 
dibulum or the left ventricle. Note also the early diamond-shaped murmur. 


There was a notch or abrupt change in di- 
rection of the ascending — of the right ven- 
tricular pressure curve in 7; this notch always 
occurred about the level i. the systemic sys- 
tolie pressure, and was also near the systolic 
pressure in the infundibular chamber in 3 
(fig. 2). 

At eardiae catheterization the site of the 
stenosis was judged to be definitely valvular 
and infundibular in 3, valvular and possibly 
infundibular in 3, and infundibular alone in 
2; in 2 the pulmonary artery was not entered 
but cineangiogram in 1 showed an infundibu- 
lar chamber. Four showed a zone of negative 
pressure as the catheter tip passed from the 
pulmonary artery to and through the stenotic 
aren (Bernouilli effect) and 1 of these was a 
patient with pure infundibular stenosis. 

Vhonoecardiograms were taken in all these 
patients (fig. 3). The first heart sound was 
normally split in all and was either normal or 
reduced in intensity. Five had a systolic click 
0.0 to 0.14 second after the beginning of the 
first heart sound; in 3 this click was louder 
in -xpiration, in 1 it increased during inspira- 
tio: and in 1 did not change in intensity with 
respiration. Four had soft third heart sounds 
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and 8 had fourth heart sounds of slight to 
marked intensity. 

Identification of the 2 components of the 
second heart sound may be difficult if pul- 
monie closure is very soft and is obscured by 
the systolic murmur passing beyond the aortic 
closing sound, and if the absence of a suitable 
external reference makes it difficult to be sure 
that a small vibration does indeed represent 
pulmonie closure. In 6 the second heart sound 
was regarded as single or narrowly split (up 
to 0.03 second) and in 4 it was probably wide- 
ly split (0.06 to 0.10 second). 

The systolic murmur was diamond-shaped 
in 9 and decrescendo in 1 but had many varia- 
tions in configuration. In all it began imme- 
diately or shortly after the first heart sound, 
which was always distinct, and it began before 
the systolic click in the 5 who had it. In the 
most severely affected patient there was a soft 
decrescendo systolic murmur ending at or be- 
fore the single second heart sound (fig. 3C). 
In 3 the systolic murmur increased rapidly to 
a maximum in the first quarter of systole, re- 
mained at this intensity for a short time, and 
then decreased to end at or beyond the second 
heart sound (fig. 3D-F'). Four others (fig. 3G- 
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Figure 3 
Phonocardiograms. A. Typical pulmonic stenosis. 
B. Typical tetralogy of Fallot. C-L. Patients in 
this series. 2L1S, second left intercostal space; 
{LIS, fourth left intercostal space; S,, first heart 
sound; S,, second heart sound; S,, fourth heart 
sound; SM, systolic murmur; SC, systolic click. 


J) had more typical diamond-shaped systolic 
murmurs that nevertheless were maximal 
early in systole, so that they resembled a kite 
lying on its side with its tail pointing toward 
the right; 2 of these murmurs ended at, and 
2 ended after, the second heart sound. Finally, 
2 had symmetrical diamond-shaped systolic 
murmurs with their maxima in midsystole, 
but 1 ended well before the second heart sound 
and the other at or just beyond it (fig. 3K and 
L); in each, some complexes did have early 
diamond-shaped murmurs. 

Anatomic details were noted at open-heart 
operation in 9. All had infundibular stenosis, 
which was suggested by the low intravalvular 
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position of the thrill and in at least 3 by an 
indentation in the right ventricular outf ow 
tract some distance below the pulmon 
valve; in addition there were 4 with valvi 
stenosis and thrills in the pulmonary art: 
One patient had a corrected transposition \ 
the right ventricle anteriorly and on the | 
tient’s) left and the pulmonary artery em :g. 
ing to the right of and posterior to the ao;t 
This patient had what was almost a sin» 
ventricle with the lower three quarters of 
ventricular septum missing and with mar 
muscular hypertrophy below the pulmon 
and aortic valves. All the others had h ¢g 
membranous ventricular septal defects ; on 
these was recorded as being ‘‘ quite small, 
had areas of 0.5 to 1.0 cm.*, and 4 had ai 
of 1.5 to 2.0 em.? 


Discussion 
In 1951 Soulié, Joly, Carlotti, and Si 

described right ventricular systolic pressur 
above systemic levels in 3 of 22 patients wi 
tetralogy of Fallot. McGoon and Kirklin,’ i 
reporting 32 patients with ‘‘an essentia!ly in- 
tact ventricular septum,’’ mentioned 1 patient 
with a ventricular septal defect and an abnor- 
mally high right ventricular pressure. In our 
series 9 of 10 patients were seen in a period 
when about 35 patients with pulmonic stenosis 
and about 35 with tetralogy of Fallot were 
catheterized. In the same period some with 
tetralogy of Fallot and a few with pulmonic 
stenosis were operated on without cardiac 
catheterization and many others in_ both 
groups were seen but not operated on. There 
may be still more patients with this syndrome 
who have been diagnosed as pulmonic stenosis 
and in whom the error has not yet been dis- 
covered, but even without them this variant 
of tetralogy of Fallot seems to be relatively 
common. 


Physiologic Mechanism 


In tetralogy of Fallot there is usually ray id 
pressure equilibrium across the ventricu!ar 
septal defect so that systolic pressures in t'1e 
right and left ventricles and aorta are.simi ir 
and rise slightly or not at all after ecto) ic 
beats, right and left ventricular pressi re 
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tra ings have similar shapes with almost par- 
sides and flat or rounded tops, and ven- 
tri ular ejection ends at about the same time 
in wo ventricles. Consequently the second 
he: rt sound is single or narrowly split and the 
sys oli¢ murmur does not pass beyond aortic 
val e closure. By contrast, all 10 patients 
re} »rted here acted as if the ventricular sep- 
tu): were intact, in that the right ventricle 
co. ld generate a systolic pressure higher than 
the! in the systemic circulation and could fur- 
the: elevate this after ectopic beats. Ina group 
of oatients with tetralogy of Fallot studied in 
this laboratory, 30 mm. Hg was about the 
maximum difference found between right ven- 
triular and systemie arterial systolic pres- 
sures when systolic pressures in the right ven- 
tricle and aorta were almost identical, so that 
difierences greater than this probably indicate 
sonie failure of pressure equilibration between 
the two ventricles. In the one patient with a 
systolie gradient of only 15 mm. Hg between 
rigit ventricle and systemic artery evidence 
of an intact septum was inferred from a 25 
mm. Hg rise in right ventricular systolic pres- 
sure after ectopic beats and from the demon- 
stration of a widely split second heart sound 
with the systolic murmur ending after aortic 
valve closure. In this patient, too, as well as 
in 5 others, the shape of the right ventricular 
pressure curves was typical of pulmonic ste- 
nosis. 

his failure of rapid pressure equilibration 
across the ventricular septal defect suggests 
that the ventricular septum may be function- 
ally intact during part or all of systole, and 
the following possible reasons based on our 
experience with these 10 patients may be ad- 

vanced: 
. The defect may be occluded by the septal 
alet of the tricuspid valve. In one patient 
iutopsy this leaflet had an anomalous ori- 
from the margin of the ventricular septal 
ect (fig. 4) and could conceivably have ob- 
icted it during systole. In another patient 
operation the tricuspid valve leaflet was 
nd to be partly adherent to the rim of the 

> ect. 
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Figure 4 
Right ventricle showing anomalous origin of a 
tricuspid valve leaflet from the margin of the 
ventricular septal defect. RA, right atrium; RV, 
right ventricle; VSD, ventricular septal defect. 


2. If the defect is very small then pressure 
equilibration across it could be delayed. Soulié 
and his colleagues® invoked this explanation 
in 3 patients with this syndrome who had min- 
imal right-to-left shunts, and McCord, van 
Elk, and Blount’ found a defect 5 mm. in di- 
ameter in their patient. Only 2 patients in 
our series had small defects, though 1 of these 
had an arterial oxygen saturation of 82 per 
cent. 

3. If the defect is situated in the infundi- 
bular chamber, it may become isolated from 
the body of the right ventricle during systole 
and thus may not be able to decompress it. 
This may have occurred in 1 patient reported 
by MeGoon and Kirklin’ but was not found 
in our series. 

4. It is possible that the ventricular septal 
defect could be occluded by contraction of 
the hypertrophied muscle of the septum and 
the erista supraventricularis, so that toward 
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the end of systole the ventricular septum 
would be effectively closed. Recently, proof of 
this hypothesis was obtained in one of these 
patients at operation. The right ventricle was 
opened while the circulation was maintained 
by the pump oxygenator; the heart was not 
stopped. With each contraction the ventricu- 
lar septal defect was squeezed closed by the 
hypertrophied muscle around it and the in- 
fundibular chamber was cut off from the body 
of the right ventricle. 

One or both of these events might have 
caused the notch in the ascending limit of the 
right ventricular pressure tracing in this pa- 
tient and 6 others. A similar notch was noted 
only once in pulmonic stenosis in a patient 
with marked infundibular stenosis. 


Preoperative Diagnosis 


Accurate preoperative diagnosis of this le- 
sion is essential in indicating the need for sur- 
gical repair with extracorporeal circulation 
rather than with hypothermia and in making 
right ventriculotomy mandatory. Phonocar- 
diography was of great help in suggesting 


that these patients did not have pulmonic ste- 
nosis with an intact ventricular septum inas- 
much as (a) the systolic murmur was maximal 
early in systole, whether or not it passed be- 
yond aortic valve closure or (b) the systolic 
murmur ended before a single or closely split 
second heart sound, whether or not the mur- 
mur was maximal early in systole. It is true 
that in mild pulmonie stenosis right ventricu- 
lar ejection may not be prolonged so that the 
systolic murmur may be maximal in midsys- 
tole and end at the aortic component of a 
normally split second heart sound, but these 
patients will not show the features of marked 
right ventricular hypertrophy. 

These phonocardiographic criteria may not 
hold if there is pulmonie stenosis and ventric- 
ular inversion (corrected transposition). 
Three patients with this syndrome have been 
seen with phonocardiograms typical of tetral- 
ogy of Fallot but with no evidence of an asso- 
ciated ventricular septal defect on cardiac 
catheterization. The diagnosis has not yet been 
proved at operation, and until then phono- 
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eardiograms in this syndrome should be int: r- 
preted with caution. 

If after clinical, radiologic, and phonoe:r- 
diographic examination cardiac catheteri/a- 
tion is required, it is obvious that in patie: 
with pulmonic stenosis complete reliance 
exclude an associated ventricular septal def 
cannot be placed on a high right ventricu 
systolic pressure that rises further after 
topic beats and on a triangular right vent) 
ular pressure curve. The only direct preope: ; 
tive demonstration of this defect is | 
passage of the catheter through it from | 
right ventricle to the aorta; failing this, in 
cator-dilution studies. or angiocardiograp iy 
should always be done. The site of injection 
the indicator or radiopaque dye is importa 
for if it is injected into the infundibulum « 
into a stream that does not pass through 
defect, the right-to-left ventricular shunt may 
not be revealed. This happened in 2 of our 
patients with arterial oxygen saturations of 
89 and 93 per cent, in both of whom right 
atrial injection showed a right-to-left shunt. 
Failure to demonstrate a right-to-left ventric- 
ular shunt by these technics, especially when 
the arterial oxygen saturation is near normal, 
is thus not unequivocal evidence of its ab- 
sence. Another possible source of error occurs 
with marked tricuspid regurgitation and a 
right-to-left atrial shunt, for then indicator 
injected into the body of the right ventricle 
might be swept back into the right atrium and 
then across to the left side; a good angio- 
cardiogram should help to avoid this error and 
has the additional advantage of demonstrating 
the anatomy of the outflow tract of the right 
ventricle. 

Summary 

Ten patients with pulmonic stenosis are re- 
ported who, despite having right ventricular 
systolic pressures much above systemic levels, 
had ventricular septal defects proved at opera- 
tion in 9 and suggested by indicator-dilution 
curves in the other. 

Because of the high right ventricular svs- 
tolic pressures these patients had clinical «1d 
electrocardiographie evidence of marked right 
ventricular hypertrophy and were initia ly 
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PiLMONIC STENOSIS 


thought to have severe pulmonic stenosis with 
al intact ventricular septum. 

ine patient had an almost single ventricle 
wh pulmonie and aortie stenosis. 

(n all the others the right ventricular systol- 
ic pressure failed to equilibrate with pressures 
i the systemic circulation. In 2 patients this 
w:s probably due to obstruction of the ven- 
tr -ular septal defect by the septal leaflet of 
th tricuspid valve. In the others the sugges- 
tin that the ventricular septal defect was 
closed off during systole by muscular contrac- 
tion was confirmed in 1 patient at operation. 

This syndrome has been reported in other 
series and may occur in as many as 5 to 10 
per cent of patients diagnosed as having se- 
vere pulmonic stenosis. 

It is important to know before operation 
whether or not there is a ventricular septal 
defect associated with the pulmonic stenosis, 
for this influences the decision about doing a 
right ventriculotomy. 

The preoperative diagnosis of this variant 
of tetralogy of Fallot may be made by phono- 
cardiography and cardiac catheterization. 


Summario in Interlingua 

Ks reportate dece casos de stenosis pulmonic in 
que—in despecto de nivellos del tension systolic dex- 
tero-ventricular multo supra le nivellos del tension in 
le circulation major—le presentia de defectos ventri- 
culo-septal esseva demonstrate al operation (9 casos) 
0 suggerite per le curvas del dilution de un indi- 
eator (1 easo). 

In consequentia del alte tensiones systolic dextero- 
ventricular, iste patientes manifestava evidentia 
clinie e eleetrocardiographic de mareate grados de 
hypertrophia dextero-ventricular e esseva considerate 
initialmente como suffrente de sever stenosis pul- 
monie con intaete septo ventricular. 

(n del patientes habeva quasi un sol ventriculo 
con stenosis pulmonie e aortic. 

in omne le altere casos, le tension systolic dextero- 
reitricular non se equilibrava con le tensiones in le 
irculation systemic. In 2 patientes isto esseva prob- 

lemente le effecto del obstruction del defecto ven- 

i-ulo-septal per le lobo septal del valvula tricuspi- 
Quanto al alteres, il esseva suspicite que le 
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defecto ventriculo-septal esseva claudite durante le 
systole per un contraction muscular, e iste suspicion 
poteva esser confirmate in un caso al operation. 

Iste syndrome ha essite reportate per altere autores 
in altere series de casos e occurre possibilemente in 
usque a 5 0 10 pro cento del casos diagnosticate como 
sever stenosis pulmonic. 

Es importante saper ante le intervention chirurgie 
si o non le patiente ha un defecto ventricular-septal in 
association con su stenosis pulmonic, proque isto 
exerce un influentia super le decision de si 0 non un 
ventriculotomia dextere debe esser effectuate. 

Le diagnose pre-chirurgic de iste variente del tetra- 
logia de Fallot pote esser facite per phonocardio- 
graphia e catheterismo cardiac. 
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Cardiac Enlargement in Chronic Severe Anemia 


By L. M. Saneuvi, M.R.C.P. (Lond.), D.T.M.&H. (Eng.), 
S. N. Misra, M.D., anp K. BANERJEE, M.D. 


LTHOUGH cardiae enlargement in pa- 

tients with chronic severe anemia was re- 
ported earlier in necropsy studies,':? it was 
first demonstrated roentgenologically by 
Ball,*? who also showed that enlargement dis- 
appeared with correction of anemia. Enlarge- 
ment has been attributed to dilatation or 
hypertrophy associated with dilatation.** 
Experimentally Ludke and Schuller* demon- 
strated cardiae dilatation in dogs after pro- 
ducing anemia. Cardiae hypertrophy also has 
been described in experimentally produced 
anemia.®-!* Paplanus et al.,!* in a recent study 
in which severe anemia was produced in dogs 
by repeated venesections, demonstrated that 
anemia per se can cause cardiac hypertrophy. 
The mechanism of cardiac enlargement and 
its relationship to hemoglobin level and other 
factors are uncertain. In this country severe 
curable anemias associated with a high inci- 
dence of cardiac enlargement and of compli- 
cating congestive failure are frequently en- 
countered. It was thought therefore that 
study of a large series of patients until the 
anemia was cured may prove of value in as- 
sessing the nature of cardiac enlargement and 
its relation to various factors. The purpose 
of this communication is to report the results 
of such a study in 150 patients. 


Material and Methods 


One hundred and fifty patients with anemia of 
at least 3 months’ duration and hemoglobin levels 
of less than 8 Gm. per 100 ml. were studied. Only 
patients who were hospitalized until the anemia 
was cured and in whom no evidence of any other 
cardiovascular disease could be detected after cure 
of anemia were included in the study. There were 
93 male and 57 female patients, with ages varying 
from 10 to 55 years (table 1). The hemoglobin 
level varied from 1 to 8 Gm., with an average of 
3.5 Gm. Anemia was due to chronic malaria in 80 
cases, ankylostomiasis in 32, chronic dysentery in 
11, bleeding hemorrhoids in 8, and uterine bleeding 
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in 8, and was of undetermined etiology in 11 ea: s, 
Duration of anemia varied from 3 months t 
years, with an average of 13 months. Congest 
cardiac failure was considered to be present in 
patients, of whom 24 were female. 

Fluoroscopie examination of the heart chamb« 
direct measurement of the venous pressure, « 
estimation of circulation time by magnesium s 
fate method were done on admission. Chest roe 
genograms were taken usually twice, on admiss' 
and after cure of anemia. The heart was conside 
enlarged if the cardiothoracic ratio was more thi 
50 per cent. Duration of anemia was difficult 
ascertain accurately. For the purpose of this stu :: 
the first appearance of symptoms, such as we: 
ness and fatigability, exertional dyspnea, palpi 
tion, and anorexia, was considered; the actu: 
duration of anemia was probably much longer th: 
estimated. Heart failure was diagnosed after ca 
ful evaluation of edema, hepatomegaly, orthopnea, 
venous pressure, circulation time, and rapidity of 
regression of hepatic and eardiae enlargement, be- 
cause many of these manifestations may be prescut 
without failure. Patients were divided into 3 arbi- 
trary groups according to hemoglobin levels; less 
than 3 Gm., 3 to 5 Gm., and more than 5 Gm. per 
100 ml. Statistical evaluation of the data was done 
by the chi-square test. 

Apart from treatment of the etiologic factor, 
routine therapy included administration of sac- 
charated oxide of iron intravenously and ferrous 
sulfate and multivitamin pills orally. Because of 
the difficulty of obtaining donors, blood transfusion 
was given initially mostly to patients with hemo- 
globin of less than 3 Gm. per 100 ml. or with heart 
failure. 


Results 

Enlargement of the cardiac shadow was 
found in 120 patients, including all the 
patients with cardiac failure; the cardioth: 
racic ratio in these patients varied from 
to 82 per cent, with an average of 55 per ce! 

The relation of the cardiothoracic ratio 
the hemoglobin level and heart failure is giv 
in table 2. The relation of failure, enlar; 
ment, and cardiothoracic ratio of more th 
55 per cent to hemoglobin level and sex 
given in table 3. A highly significant diff: : 
ence was found in the incidence of cardi 
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Table 1 
and Sex Distribution 











\ge 
yr.) 











Table 2 
ation of Cardiothoracic Ratio to Hemoglobin 
el and Failure on Admission 








No. with Cardiothoracic 
ratio % Mean Cardio- 


Total upto thoracic 
cases 55 56-65 66-75 >75 ratio % 





61 30 20 4 
66 15 é 0 
23 22 1 0 





107 { 16 
ure 


20 








lure (x? = 21.11; p<.001) as well as in 
number of patients with a cardiothoracic 
tio of more than 55 per cent (x? = 18.06; 
<,001) in the 3 hemoglobin groups, but no 
nificant difference was found in the inei- 
nce of enlargement. Of the 23 patients with 
re than 5 Gm. of hemoglobin, none had 
‘art failure and only 1 had a cardiothoracic 
io of more than 55 per cent. Of 107 pa- 
ieuts without failure, 90 had a cardiothoracic 
‘allio up to 55 per cent and only 1 had more 
n 65 per cent. A cardiothoracic ratio up to 
per cent was, however, seen in 10 patients 
h failure and in 31 patients with less than 
im. of hemoglobin. 
"he incidence of enlargement was nearly 
ial in male and female patients. Incidence 
heart failure was, however, significantly 
‘ater in women (x? = 8.02; .003<p<.005). 
is appeared to be largely responsible for 
greater degree of cardiac enlargement in 
‘men. The average cardiothoracic ratios 
ai ong eases with enlarged heart were 59 and 
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Figure 1 
Roentgenograms of a 35-year-old woman with car- 
diac failure. Top. Typical mitralized configuration 
(cardiothoracic ratio 70 per cent). Bottom. Slight 
cardiac enlargement (cardiothoracic ratio 52 per 
cent) after cure of anemia. 


59 per cent for female and male patients, re- 
spectively. Cardiothoracic ratios of more than 
55 and 65 per cent, respectively, were found 
in 29 (51 per cent) and 10 (17 per cent) 
women and 21 (22 per cent) and 4 (4 per 
cent) men. 


The age of the patient and the etiologic fae- 
tor or the duration of anemia (table 4) were 





Figure 2 
Roentgenograms of a 45-year-old man with cardiac 
failure and pericardial effusion. Top. Pear-shaped 
cardiac shadow (cardiothoracic ratio 68 per cent). 
Bottom. Persistent enlargement (cardiothoracic ra- 
tio 54 per cent) 14 weeks later and 5 weeks after 
cure of anemia. 


not found to have any significant relation to 
the incidence of cardiac enlargement and 
failure. 

The type of cardiac enlargement was gen- 
eralized in 43 cases, predominantly left ven- 
tricular in 31, predominantly right ventricu- 
lar with prominent conus or pulmonary artery 
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Table 3 
Relation of Cardiac Failure and Enlargement | 
Hemoglobin Level and Sex 











Hgb. Total 
Gm./% cases 


No. with 
failure 


No. with 
enlargement 


Cardiot 
racic rz i 
>55% 





<3 61 
3-5 66 


>5 23 


29 (48% ) 
14 (21%) 


54 (88%) 
50 (75%) 
16 (70%) 


31 (50° 
18 (27° 
1 (4% 





Sex 
M 93 
F 57 


19 (20%) 
24 (42%) 


73 (78%) 
47 (82%) 


Table 4 


Relation of Cardiac Failure and Enlargement 
Duration of Anemia 


Duration 
(yr.) 








Total 


Per cent 


cases failure 


Per cen‘ 


enlargem 





<1 
1-3 
8 


95 
42 
13 


23 
40 
30 





(fig. 1) in 48, and pear-shaped (figs. 


2 and 3) 


in 3 eases. The present series confirmed the 
previous observation in a smaller series’ that 
right and left ventricular types of enlarge- 
ment were usually seen in cases with and 
without tachycardia, respectively. In 2 eases 
with pear-shaped cardiac silhouette, on para- 
centesis, 100 and 150 ml., respectively, of clear 
straw-colored fluid were aspirated from the 
pericardial sac; the enlarged silhouette was 
chiefly due to cardiac enlargement and only 
to a small extent to pericardial effusion. Both 
cases had congestive failure. In another case 
paramediastinal effusion on the right side 
simulated marked dilatation of the right 
atrium.'* 

Cardiac size decreased rapidly with cor- 
rection of anemia and relief of heart failure; 
it returned to normal (fig. 4) in 92 of the 
120 cases with enlargement on admissio). 
Some enlargement, however, persisted aft: 
cure of the anemia in 28 cases (figs. 1 to 3’. 
The cardiothoracic ratio after cure in the 
cases ranged between 52 and 58 per cer’ 
with an average of 54 per cent. Significa 
difference was found in the incidence of pe 
sistent enlargement (table 5) in cases wi’! 
and without failure (x? = 11.93; p<.001) ai 
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Table 5 
elation of Persistent Enlargement to Hemoglobin 
/ evel and Failure 


Enlargement 


Hgb. Total Per cent 
Gm./% cases persistence 


<3 35 

3-5 50 14 

>5 16 13 
Without 
failure 
With 
failure 


77 13 


43 


Total 120 23 


in the 3 hemoglobin groups (x? = 7.13; .018 
<_p<.030), particularly in those with less than 
+ Gm. and more than 3 Gm. (x? = 7.42; .005 
<p<.008). The cardiothoracic ratio on ad- 
mission was more than 60 per cent in 25 and 
more than 55 per cent in 27 of the 28 cases, 
and 18 of them had heart failure. 


Discussion 

The high incidence of cardiac enlargement 
in the present series is apparently due to the 
greater intensity of anemia in our patients. 
Within the scope of this study the actual in- 
cidence of enlargement was not found to have 
significant relation to age and sex of the pa- 
tient, the duration or the etiologic factor of 
anemia and the hemoglobin level. This sug- 
gests that enlargement is very likely to oceur 
when the hemoglobin level falls below 8 Gm. 
per cent and that it is due to the anemia 
per se. There was no consistent relation be- 
tween the cardiac size and the hemoglobin 
level on admission. Evaluation of the data, 
however, revealed a significant difference in 
the cardiothoracic ratio and incidence of car- 
diac failure at various hemoglobin levels. 
Cardiac failure as well as considerable en- 
largement was seen only in cases with hemo- 
vlobin values of 5 Gm. or less, and the latter 
was mostly associated with failure. In two 
other series of heart failure due to anemia!* 15 
‘he hemoglobin was less than 5 Gm. in all the 
cases. 

An interesting feature was a significantly 
irger cardiac size and increased incidence of 
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Figure 3 
Roentgenograms of a 17-year-old girl with cardiac 
failure. Top. Considerable cardiac enlargement 
(cardiothoracic ratio 82 per cent). Bottom. Per- 
sistent enlargement (cardiothoracic ratio 58 per 
cent) 15 weeks later and 6 weeks after cure of 
anemia. 


eardiae failure in female than in male pa- 
tients, while there was no significant differ- 
ence in the incidence of enlargement. It has 
been commented upon that exertion during 
the anemic state plays an important role in 
the production of cardiac enlargement and 
causation of failure.’® In our series women 





Figure 4 
Roentgenograms of a 25-year-old man with cardiac 
failure. Top. Considerable cardiac enlargement 
(cardiothoracic ratio 70 per cent). Bottom. Normal 
size heart (cardiothoracic ratio 45 per cent) 8 
weeks later. 


were mostly housewives doing light manual 
work while men were mostly laborers or culti- 
vators doing heavy manual work. It is con- 
ceivable that men, because of their heavy work 
as wage earners, notice symptoms and seek 
treatment earlier. Their heart size even when 
heart failure develops would therefore be com- 
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paratively less than women, who usually sik 
treatment only when they are incapacita 
because of the severity of anemia or he 
failure. This view is supported by the find 
that of the 10 patients with failure and 
cardiothoracic ratio of less than 55 per « 

8 were men. 

With correction of anemia the heart s 
diminished rapidly ; it returned to normal 
77 per cent of the cases with initial enlar; 
ment. Enlargement in these cases can the 
fore be attributed to dilatation alone. 1 
maximum cardiothoracic ratio among th 
cases was as high as 70 per cent (fig. 
showing the extent to which the heart can ¢ | 
late and yet return to a normal size. This 1» 
turn occurred usually when the hemoglobin 
level rose to more than 12 Gm. per 100 mi. 
and within a period of 4 to 10 weeks. 

In 23 per cent of the cases, the heart re- 
mained enlarged despite cure of the anemia. 
The maximum cardiothoracic ratio after cure 
in these cases was 58 per cent, showing that 
cardiac enlargement above this size in all our 
cases was due to dilatation. It is realized that 
in some of the cases the heart size may still 
return to normal in the course of time. Use 
of the cardiothoracic ratio as an index of en- 
largement is only a rough guide and may 
sometimes be inaccurate, since the relatiou- 
ship between the diameter of the heart and 
that of the chest varies considerably. In a 
control series of normal individuals in Jaipur 
the cardiothoracic ratio ranged between 39 and 
47 per cent, with an average of 44 per cent. 
A cardiothoracic ratio of more than 50 per 
cent in our cases is therefore considered to 
represent definite cardiac enlargement. [1 
stances of persistent enlargement have bee 
reported previously.® ®& 1718 The high ine: 
dence in the present series is probably due t 
the greater intensity of anemia and high i 
cidence of heart failure. Enlargement wa 
persistent irrespective of the age of the pi 
tient (fig. 3), and there was little possibilit 
of associated coronary artery disease being r 
sponsible for it. The possibility of vitami 
or nutritional deficiency as a cause is unlik: 
ly because all the patients were given a mu 
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tamin pill including vitamin B-complex 
ors and a high-protein diet during the 
» iod of hospitalization. 

lectrocardiographie and_ballistocardio- 
phic abnormalities have been reported to 
sist in some eases after cure of anemia,!® 7° 
the possibility that some dilatation may 
sist if the cardiac damage has been severe, 
| persistence of mechanical inefficiency, 
not be ruled out. It has, however, already 
i seen that even a markedly enlarged heart 
ins rapidly to normal size with cure of 
mia, thus demonstrating that enlargement 
‘to dilatation alone disappears completely. 
‘sistent enlargement was mostly seen in 
's with large hearts on admission. Further- 
cre, eardiae hypertrophy has been noted at 
rospy in patients with anemia as well as 
in experimentally produced anemia. It is 
therefore most likely that persistent enlarge- 
meut is associated with hypertrophy although 
this may be accompanied by some dilatation. 
‘The presence of pericardial effusion in pa- 
tients with congestive failure due to anemia 
has not so far been demonstrated during life 
in any case. In the present series effusion was 
demonstrated in 2 cases, both of whom recov- 
ered completely from anemia. At necropsy 
serous pericardial effusion in patients who 
died of congestive failure apparently due to 
pernicious anemia, and lemon-yellow hydro- 
pericardium in eases of erythroblastic anemia 
have been noted.2! Soloff and Bello?? drew 
attention to the difficulty in differentiating 
rocitgenographically cardiac dilatation from 
pericardial effusion in patients with anemia 
an were the first to demonstrate effusion 
during life in 2 patients with anemia. The 
he: rt was normal in size in both patients, and 
the effusion was not due to congestive failure. 
It nay have been due to hemopigmentary 
pe: carditis or to redistribution of fluid with- 
in he functional body compartments.22 Both 
of our eases had definite congestive failure 
an large hearts, and the effusion was ap- 
pe ently due to heart failure and not due to 
av mia. Some enlargement of the heart per- 

sis ed after cure of anemia in both eases. 
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Summary 

One hundred and fifty patients with chronic 
severe anemia were studied to determine the 
nature of cardiac enlargement and its relation 
to various factors. 

Enlargement was present in 120 patients. 
It showed no consistent relation to the hemo- 
globin level on admission. A significant in- 
crease in the cardiac size and incidence of 
failure was observed with increased severity 
of anemia, and in female as compared to male 
patients. The incidence of enlargement showed 
no relation to the age and sex of the patient 
and the duration or the etiologic factor of 
anemia. 

With correction of the anemia, enlargement 
disappeared rapidly in 92 patients, indicating 
that it was due to dilatation alone. Some en- 
largement persisted in 28 patients, and it is 
believed to be associated with cardiac hyper- 
trophy. 

Pericardial effusion due to heart failure in 
2 patients contributed to a small extent to the 
enlargement of the cardiac shadow. 
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Summario in Interlingua 

Cento cinquanta patientes con formas sever de 
anemia chronic esseva studiate pro determinar le 
natura del allargamento cardiac in illes e su relation 
con varie factores. 

Allargamento cardiae esseva presente in 120 del 
easos. Illo monstrava nulle uniforme relation con le 
nivello de hemoglobina al tempore del hospitalisation. 
Un significative augmento del dimensiones eardiae e 
del incidentia de disfallimento esseva observate con 
le augmento del grado de severitate del anemia e in 
femininas in comparation con masculos. Le incidentia 
del allargamento cardiac monstrava nulle relation al 
etate e al sexo del patientes e al duration o al fae- 
tores etiologic del anemia. 

Con le correction del anemia, le allargamento 
cardiac dispareva rapidemente in 92 patientes. Isto 
indicava que le condition esseva causate exclusive- 
mente per un dilatation del corde. Un certe grado 
de allargamento cardiae persisteva in 28 patientes. 
is opinate que isto esseva associate con hypertrophia 
cardiac. 


ates i ; 2 . 
Effusion pericardial causate per disfallimento ear- 
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diac in 2 patientes contribueva in un certe basse me- 
sura al allargamento del umbra cardiac. 
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Quite characteristic of the habit of the human mind, we seem to find considerable com- 
fort in interpreting an experience if we can find a plausible or even generally accepted 
cause for it. If we think we know its cause, in some measure we are at least relieved. 
Likewise, we take similar solace from giving it a name even when thinking about the 
name might raise more questions than it answers.—ALAN GreGG, M.D. Challenges to Con- 
temporary Medicine. New York, Columbia University Press, 1956, p. 26. 
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Bilateral Indirect and Direct Arterial Pressures 


By Envear G. Harrison, Jr., M.D., Grace M. Roru, PxH.D., anp 
Epear A. Hines, Jr., M.D. 


py [LATERAL determinations of blood pres- 

D sure are of importance in the physical 
di: gnosis of certain pathologie conditions in- 
yo'ving the aortic arch or its tributaries to 
th» upper extremities. Inequalities may be 
fond in the blood pressure in the 2 arms of 
soie patients who have syphilitic aortitis with 
aneurysm,'* or who have coarctation of the 
aorta proximal to the left subclavian artery* ® 
or inflammatory or degenerative disease of 
the aorta such as ‘‘Takayusu’s disease’’ with 
which the patient may be pulseless at times.® 
The pathology of aequired diseases of the 
aorta which may be manifested clinically has 
been reviewed by Edwards.’ It also is gener- 
ally accepted that differences in blood pres- 
sure in the arms may be noted in association 


with marked unilateral narrowing of an ar- 
tery to the upper extremity,® ® whether due 
to a congenital anomaly of the artery or an 
anomaly due to atheroma, embolus, thrombus, 
or external compression by structures in the 
shoulder girdle, a cervical rib, or a medias- 
tinal tumor. 


A stumbling block to attributing diagnostic 
signifieanee to differences in the blood pres- 
sure in the 2 arms has been the repeated com- 
ment in the literature that disparities in bi- 
laterally determined blood pressure have 
been found in a large percentage of appar- 
ently healthy individuals® 1°11 and in pa- 
tients 12-14 without apparently unilateral 
pa‘hologie changes in the arteries and that the 
frequeney and the magnitude of these differ- 
enes apparently were increased in hyperten- 
ive persons.) 15 Although several investiga- 

)s have pointed out the importance of such 
qualities of blood pressure in the diagnosis 





‘rom the Mayo Clinie and the Mayo Foundation, 
hester, Minn. The Mayo Foundation is a part of 
Graduate School of the University of Minnesota. 
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and evaluation of treatment of hyperten- 
sion,®: 12 15,16 other workers!” 18 have denied 
emphatically that these inequalities are found 
in persons without asymmetric arterial abnor- 
malities if the measurements are taken simul- 
taneously and under basal conditions. Thus, 
blood pressure that is high in one arm and 
low or normal in the other presents the serious 
problem of its significance. 

Roth and Kvale’® pointed out that inequal- 
ity in brachial blood pressures can result in 
an incorrect interpretation of results in phar- 
macologie tests for pheochromocytoma. In pa- 
tients with permanent inequalities in basal 
brachial blood pressures due to structural 
vascular differences, a dramatic alteration in 
blood pressure is recorded when the basal 
blood pressures have been. measured on one 
arm and then, after the administration of 
histamine or phentolamine (Regitine), were 
compared with pressures in the opposite arm. 
Also, if the blood pressure is not always taken 
in the same arm, the routine blood pressure 
records of such patients may indicate a pat- 
tern of paroxysmal hypertension such as is 
found in some patients with pheochromocyto- 
mas. 

The results of studies of bilateral blood 
pressures in 100 or more subjects recorded in 
the medical literature are shown in table 1. 
All the investigators employed the indirect 
method of determining blood pressure. The 
inherent inaccuracies of the indirect method 
have been indicated by some workers as one of 
the reasons for the differences.’” 18 

Since progress in medical instrumentation 
has made available more accurate devices such 
as the strain-gage manometer*?® and Polyviso 
recorder} by means of which direct continu- 


*Statham Laboratories. 
tSanborn Company. 
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B! UATERAL ARTERIAL PRESSURES 


Table 2 


Number, Sex and Mean Ages of 447 Patients 


Method 


Indirect Nonhypertensive 
Hypertensive 

140-170 mm. Hg 

170+ mm. Hg 


Pheochromocytoma 


All patients 447 
Direet All patients 53 


Patients* Total 


Female Ages, yr. 


83 48 1 


It 


71 
107 
3 


264 


oe 


» 


I+ It I+ It I+ 
oo 


_ 





*Excluding 3 patients who are presented separately. 


tThe figure after the + is the standard error of the mean. 


graphic measurements can be obtained, an 
essment of the bilateral disparities of blood 
‘ssure was undertaken. In this study bi- 
‘ral measurements of blood pressure by the 
iethods were evaluated: (1) by comparing 
the bilateral determinations obtained by using 
the simultaneous indirect and simultaneous 
direct (intra-arterial) methods in a group of 
normal subjects; (2) by comparing the re- 
sults of bilateral, nonsimultaneous and simul- 
taneous determinations obtained by the indi- 
rect method in a large group of patients; (3) 
by obtaining bilateral intra-arterial blood 
pressures on a selected group of patients who 
were found to have bilateral inequalities of 
blood pressure by the simultaneous indirect 
method, and (4) by determining the effect of 
change in body position, age, difference in arm 
sizes, right or left-handedness, and antihyper- 
tensive drugs on the bilateral differences. 


Materials and Methods 
Control Group (14 Normal Subjects) 


he control group consisted of 14 healthy men 
Whose ages averaged 23 years and ranged from 18 
to 32 years. Bilateral blood pressures were deter- 
mi\ed simultaneously in both brachial arteries by 
the indirect method and by the intra-arterial or 
di: ct method on each subject. Direct measure- 
mc its were obtained from the radial arteries in 9 
sul jects and from the brachial arteries in 5. 


ients Studied 


he brachial blood pressures were determined 
terally by the indirect method on 450 patients 
mined at the Mayo Clinic. The results in 3 of 
e patients will be presented separately. Of the 
aining 447 patients 264 were males and 183 
e females. The average age was 48 years, with 
ange from 15 to 83 years. The 447 patients 
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were divided into hypertensive and nonhyperten- 
sive groups on the basis of whether the resting 
blood pressure was 140 mm. Hg systolic and 
90 mm. Hg diastolic or more. The hypertensive 
group was further divided into those with systolic 
blood pressures of 140 to 170 mm. Hg and those 
with systolic blood pressures of more than 170 mm. 
Fifty-three patients from the entire group, pre- 
dominantly those who had shown inequalities of 
blood pressure by the simultaneous, indirect meth- 
od, were selected for bilateral, intra-arterial studies. 
The sex and mean ages of the patients in these 
groups are shown in table 2. 

Indirect Method 

Each subject was allowed to rest quietly in the 
supine position for 20 to 30 minutes. The cireum- 
ference of each arm was measured in centimeters 
at a point 10 em. above the medial epicondyle by 
means of a steel tape. 

Following this, nonsimultaneous measurements 
of the blood pressure in the arms were taken in 
order to assess the inequalities that may be found 
by this method in routine physical examinations. 
Then, auscultatory blood pressure readings were 
taken simultaneously on the arms by 2 observers, 
using a bilateral cuff apparatus (fig. 1). Three 
determinations were made with an interval of 1 
minute between observations. Since the apparatus 
was constructed by joining 2 Tycos aneroid sphyg- 
momanometers with 13-em. cuffs to a single rubber 
hand-bulb through a Y-connection, simultaneous 
inflation or deflation of the cuffs was obtained. 
In order to insure accuracy of registration, the 
aneroid sphygmomanometers were checked periodi- 
cally against each other as well as against standard 
mereury manometers. Systolic pressures were re- 
corded at the first sounds heard over the brachial 
arteries and diastolic pressures at the disappear- 
ance of the sounds. The recommendations of Bord- 
ley and associates?? for determinations of blood 
pressure on human beings were followed. 

Three bilateral simultaneous indirect determina- 
tions of blood pressures were made on 50 of the 





&, 


patients while they were in the supine position and 
later in the sitting position and on 19 hypertensive 
patients before and during antihypertensive drug 
therapy. 

After the indirect readings of blood pressure the 
subject rested for 20 to 30 minutes before bilateral 
intra-arterial studies were undertaken. 

Bilateral Direct Method 

The apparatus employed (fig. 1) was a modifi- 
cation of the equipment used by Godden, Roth, 
and Hines*® in a study of the changes in intra- 
arterial pressure during immersion of the hand in 
ice-cold water. Its composition was outlined by 
them and was based on the work of Wood, Lam- 
bert, and Burchell.?! Through the use of the bilat- 
eral hypodermic strain-gage manometric systems, 
simultaneous arterial pressure pulses were in- 
seribed by the Sanborn multichannel recorder. 
When brachial intra-arterial studies were made, the 
arms were supported on folded towels and 20-gage 
needles were inserted into the arteries just medial 
to the biceps tendons at the cubital regions after 
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Figure 1 

Apparatus arranged for bilateral direct radial and indirect brachial blood pressure de- 
terminations on a subject. The strain-gage manometers are located adjacent to the sub- 
ject’s wrists and are connected to the radial intra-arterial needles and to the calibration 
system and recorder (left). The bilateral brachial cuff apparatus seen here was removed 
during the direct recordings. 


local anesthesia was obtained with 1.5 per cent 
procaine hydrochloride. 

The calibration system consisted of an aneroid 
gage which was connected by rubber tubing to a 
rubber hand-bulb and to a bottle containing 100 ml. 
of sterile, heparinized saline solution. The bottle 
was inverted and connected to both strain gages 
by means of a Y-connection and rubber tubing. 
Through this system, simultaneous calibrations at 
increments of 10 mm. Hg were obtained at the 
beginning and end of each record. The meniscus of 
the saline solution and the sites of arterial pune- 
tures were leveled to the midline of the side of 
the chest at the third intercostal space. 

The paper speed was set at 1 mm. per second 
and the paper was allowed to run at least 20 min- 
utes at the beginning of a recording. Then, tie 
speed was changed to 5 or 10 mm. per second for 
3 brief intervals spaced 1 minute apart. Tie 
systolic and diastolic levels of simultaneously 
corded bilateral pulse pressures were measured 01: 
for each of these intervals. More detailed press” 
pulse contours were obtained at paper speeds 
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BILATERAL ARTERIAL PRESSURES 


Table 3 


Control Group: Mean Bilateral Blood Pressures Determined by Simultaneous Indirect 


and Direct Methods 


Right 


Subjects Mean S. D. 


Blood pressures, mm. Hg 


Differences 
Left (Rt.-Lt.) 


Mean Ss. D. Mean S. D. 


Bilateral systolic blood pressures 


Indirect 
Brachial 

Direct 
Radial 9 123 + 2.6 13.4 
Brachial 5 lit = 26 10.2 
Total 14 121 = 19 12.4 


120 + 1.6* 10.2 





122 + 1.4 


2.3 
3.1 
1.9 


Bilateral diastolic blood pressures 


Indirect 
Brachial 

Direct 
Radial . Ceeisg 8.7 
Brachial 63 2.4 9.5 


70 + 1.1 7.0 


70 + 0.9 6.3 


68 7 9.0 
63 2.4 9.3 





Total 14 67 1.4 9.3 


66 1.4 9.4 








*The figure after the + sign is the standard error of the mean. 


25 mm. per second after the measurements were 
recorded at the lower speeds. 
Bilateral Differences in Blood Pressure in the 
Control Group (14 Subjects) 
Systolic Blood Pressures 
The statistical mean bilateral systolic blood 
pressures and the (right-left) differences in 
the statistical means are tabulated for the con- 
trol group in table 3. Bilateral simultaneous 
cuff pressures were taken 3 times on each of 
the 14 control subjects, thus giving a total 
of 42 bilateral measurements for the group. 
There was only a slight difference in the 
means for the indirect readings on both arms. 
However, bilateral differences of 5 mm. Hg 
or greater occurred in 9 simultaneous meas- 
urements and of 10 mm. or more in 3 measure- 
ments. 
\[ean systolic blood pressures by the direct 
method were the same for the 2 arms, and 
‘re was no significant difference in the mean 
ues in either the 9 bilateral radial or the 
ilateral brachial arteries studied. However, 
f the 42 individual bilateral measurements 
fered by 5 mm. Hg or more, but none dif- 
‘ed by 10 mm. 


riability of Differences 


The differences recorded by each method 
‘re frequently inconstant in that they could 
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decrease or increase in magnitude or become 
greater on the opposite side in the same indi- 
vidual during the 3 paired readings. A typical 
recording of bilateral intra-arterial blood pres- 
sures which shows this variability is presented 
in figure 2. 

In order to evaluate this variation, the num- 
ber of subjects who manifested inequality in 
bilateral systolic blood presstires of 5 mm. or 
greater for one bilateral measurement, which 
in another measurement increased or de- 
ereased by 5 mm. Hg on the same side or 
became equal on the two sides, or changed 
to the opposite side, was tabulated. From this 
tabulation we found that by the indirect 
method 5 of the 14 subjects had inequalities 
in the systolic blood pressures of 5 mm. Hg 
or greater and 4 of these varied in the 3 
1-minute measurements. By the direct method, 
5 subjects had differences of 5 mm. Hg or 
greater and the blood pressure differences in 
2 of these 5 varied in 3 minutes; however, all 
varied at some time during their entire re- 
cording and none of the subjects who had a 
difference by the indirect method showed a 
similar difference by the direct method. 


Diastolic Blood Pressures 


A similar appraisal of the mean bilateral 
diastolic blood pressures in the control group 
(table 3) revealed essentially equal values 
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Figure 2 < 
Direct bilateral recordings of radial pressure on a 27-year-old man of the control group 
showing the production of transient inequality in the systolic blood pressure. Paper 
speeds shown are 1,5,and 25 mm. per second. 


for the right and left sides by both the in- 131 nonhypertensive and 310 hypertensive j)a 
direct and direct methods. When the inei- tients in that the mean bilateral values were 
dence of bilateral differences in the indirect slightly higher on the left when obtained by 
diastolic blood pressures were considered as the nonsimultaneous method and _ essentially 
they occurred in all measurements, only 5 equal when obtained simultaneously. This 
measurements (on 3 subjects) had differences tendency was reversed in the 6 patients who 
of 5 mm. or greater, and all of these were had pheochromocytomas in that the mean sys 
variable. None of the paired measurements tolic values obtained nonsimultaneously were 
differed 10 mm. or more. The direct method nearly equal and they were slightly higher on 
disclosed no differences of 5 mm. Hg or more. the right by the simultaneous method. 

li il lai aes anaes Comparison of the mean bilateral diastolic 
blood pressures obtained by the nonsimulta- 


Binteraliy Mensimaitancens and Bileteralty Shmal- neous and the simultaneous indirect method 


taneous Indirect Determinations of Blood Pressures 
Each of the 447 patients had 1 set of bi- 


laterally nonsimultaneous measurements of 


i ; + 0.4 mm. by the nonsimultaneous indirect 
the blood pressures in the 2 arms and 3 sets 


shows near equality in each of the groups 
considered. The mean differences were —0.8 


and —1.3 + 0.2 mm. by the simultaneous i- 


of bilaterally simultaneous measurements ; : : 
’ . . : direct method for all patients (table 4). 


(1,341 simultaneous measurements). For the 
Bilateral Simultaneous Indirect and Direct Blood 


entire group by onsi aneous indiree 
itire group by the nonsimultaneous indirect ieceieniais nt ik aeiemetiadh Mhaiieaine 


method the mean right systolic pressure was ee eae ee er eT ee 
c , c Cc . . 


v6 ii ( “ > as af “UTG 10 . . - 
163 + 1.9 mm. and the mean left systolic pressure by the indirect and the direct mea 


pressure was 165 + 1.9mm. The mean (right- 


: ; urements on 53 selected patients are present: 
left) difference was —2.3 + 0.6. By the simul- 


in table 5. There were no marked bilater 
differences by either method. No attempt w: 


made to compare absolute values for systol« 
the mean left pressure was 167 + 0.9 mm., or 


and the mean right-left difference was +0.5 


taneous indirect method, however, the mean 

right systolic pressure was 168 + 1.0 mm., 

diastolic blood pressures by the indire 

and direct methods because of the lapse «/! 

+ 0.1 mm. time between the applications of the 
The same tendency also was noted in the methods. 
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Figure 3 
A summary of bilateral differences in blood pres- 
sure of 10 mm. Hg or greater obtained by nonsi- 
multaneous and simultaneous indirect methods on 
447 patients and by simultaneous indirect and si- 
multaneous direct methods on 53 selected patients. 


Systolic 


Per cent of measurements 


Incidence and Variability of Bilateral Differences 
in Blood Pressures 


Comparison of the bilateral systolic blood 
pressures obtained by the nonsimultaneous 
and simultaneous indirect methods (fig. 3) 
disclosed that 26.6 per cent of the nonsimulta- 
neous measurements in the 2 arms differed 
by 10 mm. Hg or greater and 7.2 per cent 
differed by 20 mm. or greater, whereas 5.3 
per cent of the total bilateral measurements 
by the simultaneous indirect method differed 
by 10 mm. and only 0.1 per cent differed by 
20 mm. 

Also, small systolic differences in the bi- 
laterally simultaneous indirect measurements, 
that is, differences of 4 to 9 mm., occurred 
with approximately equal frequency (38 to 
40 per cent of measurements) in nonhyper- 
tensive as well as in the 2 hypertensive groups. 
Differences of 10 mm. or more occurred with 
approximately equal frequency in the non- 
hypertensive patients and in the subjects with 
systolic blood pressures of 140 to 170 mm. 
(2.8 and 2.6 per cent respectively). Of the 
measurements on hypertensive subjects with 
basal systolic blood pressures of more than 
170 mm. Hg, 8.8 per cent differed by 10 mm. 
or greater; this indicated a slight trend to- 
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ward larger differences at high levels of sys- 
tolic blood pressure. 

The incidence of differences in bilater lly 
simultaneous systolic blood pressures mas. 
ured by the indirect and direct method. in 
53 patients is shown in figure 4. Fifty (31 
per cent) of the 159 measurements by the 
indirect method (3 paired measurement: on 
each of 53 subjects) and 46 (29 per e nt) 
of the measurements by the direct method 
differed by at least 5 mm. in the 2 aims, 
Sixteen (10 per cent) of measurements by 
the indirect method and 9 (6 per cent) by 
the direct method differed by 10 mm. or more, 
Both the indirect and-the direct measurem« nts 
tended to differ by 10 mm. Hg or more sliglitly 
oftener in hypertensive patients who had basal 
systolic pressures of more than 170 mm. Ilg. 

Thus, of the 447 patients studied by the 
simultaneous indirect method, 224 (50 per 
cent) had bilateral differences in systolic blood 
pressure of 5 mm. or greater and 160 (71 
per cent) of these differences varied during 
the 3 readings. Fifty-five of the 447 patients 
(12 per cent) had differences of 10 mm. or 
more, and 30 (55 per cent) of these 55 pa- 
tients had differences which varied in 3 meas- 
urements. A similar appraisal for the non- 
hypertensive, hypertensive, and pheochromo- 
cytoma subgroups is shown in table 6. In the 
selected patients the indirect method yielded 
bilateral differences in the systolic blood pres- 
sure in more nonhypertensive and hyperten- 
sive patients than the direct method did, and 
it gave differences that were more variable. 
Only 1 of 53 patients in the selected group 
had a consistent difference by both methods 
and this was less than 10 mm. Hg. 

Of 447 bilaterally nonsimultaneous meas- 
urements of diastolic pressure by the indirect 
method (fig. 3), 15 per cent differed by 10 mm. 
or more, whereas of the 134 bilaterally simul- 
taneous measurements by the indirect met/iod 
4 per cent differed by 10 mm. or more. ‘the 
incidence of bilateral differences in diast»lic 
blood pressures determined nonsimultaneo. sly 
was greater in both the nonhypertensive .ind 
hypertensive groups. The frequency of dil er- 
ences of 10 mm. or more was slightly gre: ter 
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Table 6 
Incidence and Variability of Bilateral Blood Pressure Differences by Indirect and Direct 


Methods 





Simultaneous indirect 


Entire group 


Differences,* 
mm. Hg Pa- 


Patients 5+ 





10+ tients 56+ 


Simultaneous direct 
Selected group 


Differences,* 
mm. Hg 
10+. tients 5+ 10+ 


Selected group 


Differences,* 
mm. Hg Pa- 





Systolic 


Nonhypertensive Number 67 
Variable 50 
Number 155 
Variable 108 
Number 2 
Variable 2 
All Number 224 

Variable 160 


Hypertensive 


Pheochromocytoma 


10 
8 
44 
21 
1 
1 
55 
30 








Diastolic 


Nonhypertensive Number 55 


Variable 34 
Number 138 
Variable 89 
Number 4 
Variable 4 
Number 197 
Variable 127 


Hypertensive 
Pheochromocytoma 6 


All 447 





10 
6 
31 
17 
1 
1 
42 
24 


2 ke bo 
a orbs Gor 


Go 





*5+ — 5 mm. Hg or greater; 10+ = 10 mm. Hg or greater. 


in hypertensive than in nonhypertensive 
patients. 


The incidences of differences in diastolic 
blood pressures obtained simultaneously in the 
2 arms of 53 patients by the indirect and 
direct methods are compared in figure 4. Of 
159 bilateral measurements by the indirect 
method, 44 (28 per cent) differed by at least 
5mm., and 13 (8 per cent) by at least 10 mm. 
By the direct method, 6 measurements (4 per 
cent) differed by at least 5 mm. and only 
2 differed by 10 mm. or more. Thus, the fre- 
queney and magnitude of bilateral differences 
in diastolic blood pressure determined by the 
dir-et method were slightly less than those 
obtxined by the indirect. Bilateral differences 
in \iastolic blood pressure of 10 mm. or more 
were slightly more frequent among hyperten- 
siv. than among nonhypertensive patients. 

‘he bilateral differences in the diastolic 
blood pressure of 447 patients studied by the 
sin ultaneous indirect method varied as fol- 
lovs: 197 (44 per cent) had differences of 
at ieast 5 mm., and 127 (66 per cent of the 
19 ) had variable differences in the 3 1-minute 
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readings ; 42 patients (9 per cent of 447) had 
differences of 10 mm. or more, and 24 patients 
(57 per cent of the 42) had variable differ- 
ences in the 3 measurements (table 6). In the 
nonhypertensive and hypertensive patients in 
the selected group, the bilateral diastolic dif- 
ferences were more frequent by the simulta- 
neous indirect method than by the simul- 
taneous direct method, and many of these 
varied in the 3 measurements. None of these 
53 patients had a consistent difference in the 
diastolic blood pressure which was revealed 
by both methods. 
Possible Factors in the Production of Differences 
Body Position 

The mean values of bilateral, systolic and 
diastolic, indirect blood pressures of 50 pa- 
tients in the supine and then in the sitting 
position are given in table 7. Significant bi- 
lateral differences were not seen in the mean 
values obtained in either position. However, 
9.3 per cent of all bilateral measurements of 
systolic blood pressure showed inequalities of 
10 mm. Hg or more when the subjects were 
in the sitting position compared to 3.3 per 








irect blood pressure 


t blood pressures 


Left 








Bilateral blood pressure differences- 
ranges in mm. Hg 


Figure 4 
Bilateral differences in blood pressure found in 
simultaneous indirect and simultaneous direct 
measurements on 53 selected subjects. These are 
included under the side, right or left, that had the 
higher reading and are also totaled irrespective of 
side. 


cent when they were supine. The correspond- 
ing diastolic differences were found in 2.6 
and 1.3 per cent of the measurements re- 
spectively. 
Antihypertensive Therapy and Level of Blood 
Pressure 

The mean bilateral simultaneous indirect 
blood pressures of 19 hospitalized patients 
recorded before and during treatment with 
antihypertensive drugs are given in table 7. 
Drugs used included hydralazine ( Apresoline) , 
reserpine (Serpasil), pentolinium tartrate 
(Ansolysen), protoveratrine, hexamethonium 
chloride (Bistrium), erytenamine (Unitensin) 
and potassium thiocyanate. Inequalities of 
blood pressure due to individual drugs could 
not be analyzed because this was a relatively 
small group of patients and also because some 
were treated with combinations of these drugs. 
With the lowering of the mean values of blood 
pressure by antihypertensive drugs there was 
a shift from a slight right-sided preponder- 
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ance of differences toward more equal 
tribution of differences on the 2 sides. A 
bilateral systolic differences of 10 mm. or n 
were present in 8.8 per cent of all meas) 
ments on this group before treatment anc 
only 3.5 per cent during treatment. Diast 
differences of this degree were present in « 
1.8 per cent of measurements before treatn 
and 3.5 per cent of measurements dur 
treatment. In this part of the study onl 
patient was encountered who had a stz ic, 
reproducible difference, and her case, thi’ 
fore, is presented separately. 
Case 1 

A 63-year-old housewife registered at the ¢l 
on October 26, 1954, and was hospitalized imm 
ately. She complained of paroxysmal noctur:: 
dyspnea, orthopnea, exertional dyspnea and sli 
swelling of the ankles of 1 month’s duration. 
had known that she had diabetes mellitus 
hypertension for 10 years. She was aware that 
a number of years her physician obtained her pu! 
and blood pressure more easily on the left than « 
the right arm. 

A roentgenogram of the thorax showed marked 
cardiae enlargement and calcification of aorta. 

Bilateral inequalities of blood pressure were re- 
producible in the 3 1-minute simultaneous indirect 
readings. The typical values obtained were right 
brachial artery, 170 mm. systolic and 128 mm. 
diastolic; left brachial artery, 254 mm. systolie¢ and 
100 mm. diastolic. A Regitine test for pheochro- 
mocytoma gave negative results when the brachial 
blood pressure was followed bilaterally. Bilateral 
direct recordings of the radial pressure were made, 
and they confirmed the inequality of blood pres- 
sure (fig. 5). For example, blood pressure in the 
right radial artery was 166 mm. systolic and 
80 mm. diastolic; that in the left radial artery was 
260 mm. systolic and 78 mm. diastolic. During 
treatment with antihypertensive drugs (including 
Serpasil, Apresoline, Protoveratrine and Ansoly- 
sen), 11 days after the initial study, typical bila 
eral indirect brachial pressures were right, 132 mm. 
systolic and 90 mm. diastolic; left, 180 mm. systolic 
and 80 mm. diastolic. The inequality was cons 
ered due to atheromatosis of the right subelavi 
artery, yet congenital narrowing of the right si 
clavian or brachial artery could not be excluded 


Inequality of Size of the Arm ° 


Ragan and Bordley*” pointed out that 
subjects with small arms blood pressure « ‘ 
termined by the auscultatory method witl 
standard 13-cm. cuff tended to be too |: 
when compared to that determined by + 
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Table 7 
n Bilateral Blood Pressures Determined by the Simultaneous Indirect Method in 
ine and Sitting Positions or before and during Treatment with Antihypertensive 


js 


Right, 
Sub- Measure- 


Condition jects ments Mean* 


mm. Hg 


Differences 
(Rt.-Lt.), 
mm. Hg ; mm. Hg 
S.D. Mean* S.D. Mean* 


Effect of position 


stolie Supine 50 150 163 + 2.7 
Sitting 50 150 169 + 0.9 
Supine 50 150 94 + 1.6 
Sitting 50 150 103. 1.7 


astolie 


34.7 162 
17 168 
19.9 95 
21.0 103 


2.8 +0.7 
+1.5 
—i2 


—0.3 


Itt It Ht 
it Ht Ht Ht 


Effect of antihypertensive drugs 


Before 
treatment 233.2 438 
During 
treatment 19 
Before 
treatment 19 é fk = 238 
During 
treatment 19 


165 + 3.5 


astolie 


92 + 18 


35.8 210 + 4. 35.6 432+ 
26.1 165 + 3.6 27. +0.2 + 


21.0 Zt = ond —0.3 4 


13.6 93 + 15 : —0.5 


*The figure after the + sign is the standard error of the mean. 


Table 8 


Mean Circumferences of Arms 


Group and 
method 


Subjects 


Control 


Patients 
Indirect “$ s 0.2 29 


Dom 


Direct Z ® 0.5 3.3 


direct method, whereas in patients with large 
arms it tended to be too high. This difference 
was dependent on the fullness of the pulse 
wave. It is conceivable, therefore, that arms 
of ‘inequal size could cause bilateral inequai- 
ity of simultaneously determined indirect 
blood pressures when standard 13-cm. cuffs 
are used. The mean circumferences of the 
ariis recorded are shown in table 8. The mean 
val ies on the 2 sides were essentially equal, 
were about 28 em. for both the control 
patient groups. 
ome subjects with a difference in cireum- 
‘nee of the arm of as little as 4 cm. could 
e higher blood pressure in the larger arm 
in the opposite arm or could have equal 
id pressures in the 2 arms. Also, the 
jects with arms of nearly equal or equal 
showed inequalities of blood pressure with 
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Difference 
(Rt.-Lt.), em. 


Mean 
0 


2 3.3 +03 4% 
+ 0.5 +0.2 + 


*The figure after the + sign is the standard error of the mean. 


the higher pressure being found on either 
side. An interesting problem was encountered 
which was related to this aspect of the study. 
It demonstrated, as did the report of Trout 
and associates,** that blood pressure readings 
in extremely obese arms may be erroneous. 
Case 2 

The patient, a 53-year-old, obese, white woman, 
had mild diabetes mellitus and had been under 
observation at the clinic since June 1950, at which 
time an adenocarcinoma of the rectum had been 
treated surgically. Blood pressure at that time was 
reported to be 210/116. She was hospitalized in 
January 1955 because of blood pressure of 
230/140. At this time her height was 60 inches 
and her weight 245 pounds. Her right arm meas- 
ured 48 em. and her left 50 em. Her left arm was 
too large to be encircled by a Tycos blood pressure 
cuff, which just encompassed the right arm. Re- 
cordings of the left brachial and right radial intra- 
arterial pressures were made simultaneously. The 





Jatera-arterial pressure ~tam. Hig 
Left radial 


Right radial 


if ennai 


Figure 5 
Bilateral direct radial pressure recordings on a 63- 
year-old woman who had reproducible inequality 
of blood pressure by both the indirect and direct 
methods. 


cuff was allowed to remain on the right arm so 
that synchronous direct and indirect determina- 
tions could be compared. A portion of the tracing 
obtained is shown in figure 6. The right radial 
pressure served a double purpose in that a marked 
disparity in the 2 sides would be apparent at once 
in a bilateral tracing and it could be used to indi- 
cate that the auscultatory systolic readings were 
corresponding with the first pulse wave recorded 
on the tracing. Representative basal blood pres- 
sures were 170 mm. Hg systolic and 95 mm. dias- 
tolic in the left brachial artery by the indirect 
method, and 130 mm. systolic and 66 mm. diastolic 
in the right brachial artery by the direct method. 
The systolic cuff readings taken on the forearm by 
the palpatory method corresponded closely to the 
direct readings. 


Right or Left-Handedness 

In this study 437 patients were questioned 
as to whether they were right or left-handed. 
The 6 who were left-handed did not have blood 
pressures higher on the left side and the 431 
who were right-handed did not have consis- 
tently higher blood pressures in the right than 
in the left arm or vice versa. 
Age 

The importance of age in relation to bi- 
lateral inequalities of the blood pressure was 
investigated, since loss of vascular elasticity 
and concomitant increase in arterial resistance 
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to compression through arteriosclerosis mig 
produce bilateral inequalities in the bk 
pressures. This study did not disclose a 
trend for a greater incidence of differen, 
in blood pressure at any age level. 
Arteriosclerosis 

If arteriosclerosis were an important fact 
one would not expect such frequently varia! 
inequalities of blood pressures as were fow 
That arteriosclerosis may be a factor in ¢ 
tain isolated cases was brought out by t 
following case: 


o 


Case 3 
An 83-year-old retired farmer was brought 

the emergency room of a hospital in Rochester 

December 1954 because of sudden transitory, sha: 

precordial pain, and palpitation. Marked perij)ii- 
eral arteriosclerosis was noted by palpation «f 
arteries. The retinal vessels did not show hyperteii- 
sive changes. The electrocardiographie findines 
were normal. Blood pressure recorded by the cu/f 
method was 300 mm. systolic and 140 mm. diastolic 
on the right arm and 300 mm. systolic on the left 
arm; the diastolic pressure could not be recorded 
on the left arm. Korotkoff’s sounds were indis- 
tinct and muffled, and several physicians had dil'ti- 
culty in obtaining satisfactory indirect brachial 
pressures. Bilateral direct determinations of radial 
blood pressure were done (fig. 7). Simultaneous 
direct readings were 130 mm. systolic and 52 mm. 
diastolic on the right and 92 mm. systolic and 
52 mm. diastolic on the left. Bilateral application 
of the brachial cuff could obliterate the right 
radial pulse at 220 mm., yet the left radial pulse 
was still being recorded when the brachial cuff 
pressure was raised to 300 mm. Hg. The brachial 
arteries were palpated and found to be of “pipe- 
stem” firmness. A roentgenogram of the thorax 
was interpreted as showing calcification of the 
aortic arch and fibrosis of the left midlung field. 


Discussion 

The literature implies that the degree of 
discrepancies in the bilaterally determined 
blood pressures parallels the consistency and 
accuracy of the methods used to record thie 
blood pressure. The same careful technic for 
determining blood pressure must be followed 
for each arm when bilateral blood pressures 
are obtained, and this technic must be appli 
symmetrically and simultaneously for acc 
rate comparisons. Since indirect readings of 
blood pressure can be varied by the use 
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wider or a narrower cuff,®*: #4 it is obvious 
at a standard cuff of the same width should 
used on each arm. Similarly, the instru- 
nts used must be accurate and should be 
| eked against one another. The patient’s 
us must be in the same horizontal plane, 
. according to Kahn,** blood pressure in 
aus placed at different levels will differ 
‘ause of the hydrostatic pressure of the 
umn of blood between the 2 points of 
asurement. 
"he data presented herein support the con- 
ition of some investigators that, if bilateral 
asurements of blood pressure are to be com- 
red, strictly simultaneous bilateral measure- 
ints must be obtained. Otherwise, transient 
bilateral fluctuations due to vascular hyper- 
reactivity, effects of respiration, cardiac ar- 
rliyvthmias, or moment-to-moment differences 
i pressure pulse waves may be misinterpreted 
as bilateral inequalities. 
The subjective error of 2 observers admits 
a factor for possible error in the results of 
paired readings. Shock and associates,®® in a 
careful, statistical study of 102 subjects with 
48 bilateral measurements, determined that a 
difference in blood pressure of more than 
3 mm. Hg should be measurable by 2 ob- 
servers. It must be granted, however, that 
differences in blood pressure of less than 
10 mm. are of uncertain clinical significance. 
The incidence of bilateral differences in 
blood pressure in our series was considerably 
less than in many previous reports. The most 
prominent characteristic was their incon- 
staney, which also has been noted by others. 
Allen and Hines!® summarized the variable 
nature of some differences of blood pressure 
in 1939: ‘*These differences are not constant 
but transient and it is reasonably certain that 
all people have inequalities of blood pressure 
in the two arms at some time. Naturally, one 
should suspect organic disease when the dif- 
f. rences are marked and persistent.’’ 


The height of the blood pressure is appar- 
e tly related in some way to bilateral differ- 
eces in blood pressure. There was a slight 
iicrease in the number and magnitude of 
‘qualities in blood pressure of hypertensive 
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. Figure 6 
Bilateral, direct, left brachial and right radial pres- 
sures in an extremely obese, 53-year-old woman. 
The arrow marks the beginning of dampening of 
the pulse wave as a right brachial cuff was inflated. 
This gave an indirect reading of 170 mm. Hg sys- 
tolic and 95 mm. Hg diastolic. 


patients whose basal systolic blood pressures 
were 170 mm. Hg or more over those of 
hypertensive patients with blood pressures be- 
low this level or of persons without hyper- 
tension. When antihypertensive therapy had 
lowered the blood pressure in some patients 
with hypertension, the incidence of bilateral 
differences in systolic blood pressure also de- 
creased slightly. 5‘ 

Several theories have been advanced con- 
cerning the causation of bilateral inequalities 
in blood pressure. Authorities generally agree 
concerning the existence of differences due 
to unilateral pathologic involvement of the 
subelavian or brachial arteries. Some investi- 
gators!” 12,138 have insisted that the differ- 
ences in normal vascular anatomy are the 
major causative factors in all bilateral in- 
equalities in blood pressure. Proponents of a 
structural explanation have defended their 
findings of a high incidence of right-sided 
inequalities by considerations of the anatomic 
arrangement of the aortic arch. Southby’” 
proposed that since the innominate artery 
is closer to the source of pressure and since 
it is more in the direction of flow of blood 
from the ascending aorta, the blood pressure 
should be higher in the right brachial artery 
than in the left brachial. This, however, does 
not explain the existence of equality of blood 
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Figure 7 

Bilateral, direct, radial pressures in an 83-year-old 
man with marked arteriosclerosis. Inflation of bi- 
lateral brachial cuffs failed to obliterate the left 
radial pulse waves even when the cuffs were in- 
flated to a pressure of 300 mm. Hg. The right ra- 
dial pulse was obliterated at cuff pressure of 220 
mm. Hg. Note also the constant inequality of radial 
pressures apparently due to arterial structural dif- 
ferences. 


Jntra-arterial pressure -mm. Fig 


pressure on the 2 sides or of left-sided ele- 
vation in some persons, nor does it explain 
variable differences. Also, it is difficult to 
project this concept beyond the sites of the 
orifices of the innominate and left subclavian 
arteries. Perhaps a comparison of catheteri- 
zation pressures from these vessels will even- 
tually disclose the importance of the normal 
anatomy of the aortic arch in the production 
of blood pressure inequalities. 

Southby” also classified his patients accord- 
ing to age groups and did not find a relation- 
ship between increasing age and the magni- 
tude of the differences in blood pressure 
found. Stein?* found a tendency for greater 
differences with increasing age. In our study 
2 older patients were encountered on whom 
reproducible inequalities of blood pressure 
were found, and it appears to us that athero- 
sclerosis may be a major cause of differences 
in some patients. Randig and co-workers" 
proposed that increased rigidity of the ar- 
teries of older patients may give differences 
in blood pressure in 2 ways: (1) by inerease 
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in the unilateral resistance to compress 
and (2) by the presence of small patent ¢] 
nels through which the blood ean pass w 
the artery is compressed by the inflated « 
In young patients they contended that dit 
ences in tonus of the arterial wall might 
a major factor in differences in blood press 

Tissue factors were considered by Phip} 
in 1915, who placed a layer of fat meat al 
the arm beneath the cuff. This did not cha 
the blood pressure, and he inferred that d 
minations of the brachial blood pressure 
not affected by the thickness of the tissue + ir 
rounding the artery as much as by the p 
tion of the artery in- relation to bone 
muscle. Yoshino*® noted a higher syst 
blood pressure in the larger arms of athl: 
or laborers who used mainly 1 arm in tl 
endeavors. Ragan and Bordley,®? who stud 
blood pressure on 1 arm only, reported t 
dependent on the width of the cuff used, ‘he 
indirect values could be too high in patieits 
with large arms or too low in those with small 
arms. In our study inequality in the size of 
the 2 arms was not a factor in producing 
differences in the blood pressure. We also 
found, as previously pointed out in the litera- 
ture, that the dominant hand is not a factor in 
inequality of blood pressure, since left-handed 
persons may have a higher pressure on the 
right and vice versa. 

Wiggers®® has reviewed the complex dy- 
namic reactions induced by compression of 
an artery, including production of Korotkoff’s 
sounds and augmentation of the impinging 
pressure pulse, as well as its loss of energy 
in opening up a collapsed vessel, and pointed 
out that the answers to such basic problems 
are incompletely understood and need furt! 
investigation. Similarly, the cause of transi 
tory inequalities of blood pressure in bilate:: 
simultaneous determinations has not be 
clarified as yet. 

In 1953 Beckmann!! postulated that diff r 
ences in systolic blood pressure are due 
changes in vascular elasticity which have b« 
central and peripheral causes and that di 
tolic differences are due to differences 
peripheral resistance. Bauereisen,!* reporti 
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in t e same year, stated that these differences 
do | ot appear in a healthy subject under sta- 
tion ry cireulatory conditions. The differ- 
enc that he found in 12 of 458 healthy stu- 
den s could not be reproduced by a bilatera! 
opt al sphygmographie method. He state] 
tha when differences appear, they a:e expre :- 
sio. | of regulatory processes acting throug 
ac itral resistance to flow or change of v:s- 
cul: « elasticity. 

|. the present study, however, clinically 
sig: ificant differences in blood pressure (10 
mn. or greater) did occur in some subjects, 
and smaller differences occurred much more 
fre,uently under basal conditions. Transi- 
tor) differences in pressure found by both 
the simultaneous indirect and direct measure- 
ments may be due to a unilateral change in 
arterial elasticity or vascular resistance, as 
posiulated by previous investigators, and me- 
diated through dynamic neurovascular con- 
trols, operating even at rest. A factor of 
amplification of the systolic peaks through 
reflected waves from unequal peripheral re- 


sistance would be of greater importance in 


the direet determination, since in the indirect 
method the peripheral circulation is occluded 
until the systolie level is reached. Perhaps 
additional! factors incident to compression of 
the arteries by the cuffs may have accounted 
for the greater frequency of differences found 
by the simultaneous indirect method than by 
the direet method. 

Iii some patients studied herein by the bi- 
lateral direct method and on whose arms we 
inflsted and then deflated a brachial blood 
pressure cuff, the pulse waves subsequently 
recorded varied markedly from those on the 
opposite side. Ragan and Bordley*? in a com- 
parson of indireetly and directly determined 
blo 1 pressures found that slow occlusion with 
the uff proximal to the site of direct measure- 
mei f was followed by a rise of the diastolic 
pre sure above that in the unoceluded artery, 
anc in addition there was a marked ausculta- 
tor gap. With fast inflation of the cuff this 
did not oceur. They stated that prolonged 
pai ial occlusion of the veins of the arm dur- 
ing inflation of the blood pressure cuff affects 
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the arterial as well as the venous pressure 
distal to the cuff. This suggests that study 
of the partial unilateral venous occlusion to- 
gether with bilateral determinations of the 
blood pressures by the direct method might 
elucidate the importance of venous factors in 
the production of bilateral inequalities. This 
is but one of the facets of the problem 1e- 
quiring additional investigation. 

In the course of our study, we found only 
1 patient who had a marked and reproducible 
bilateral difference in blood pressure by both 
the simultaneous indirect and direct methods. 
This difference was considered to be due to 
asymmetrical occlusive arterial disease. The 
blood pressure record of such a patient may 
suggest paroxysmal hypertension, and phar- 
macologie tests for pheochromocytoma may be 
misinterpreted as giving positive results, if 
the bilateral determinations of blood pressure 
are made nonsimultaneous!y on the arms. In 
addition, 2 patients were encountered who had 
pseudohypertension, in that indirect readings 
of blood pressure were found to be falsely 
high when compared to those obtained by the 
direct method. One of these patients had ad- 
vanced arteriosclerosis and the other was ex- 
tremely obese. This suggests that bilateral 
simultaneous determinations of blood pressure 
as employed in this study are not only of 
value in detecting asymmetrical pathophysiol- 
ogy of the aortic arch or its tributaries, but 
also may be useful in the evaluation of certain 
hypertensive patients, especial'y those being 
tested for pheochromocytoma or considered 
for antihypertensive therapy. 


Summary 

Bilateral determinations of the blood pres- 
sures were made nonsimultaneously and simul- 
taneously by the indirect method under basal 
conditions on 447 patients. In this group 26.6 
per cent of the paired measurements by the 
nonsimultaneons indirect method exhibited 
systolic differences of 10 mm. Hg or greater 
and 15 per cent exhibited diastolic differences 
of this magnitude, whereas only 5.3 per cent 
of the measurements by the simultaneous in- 
direct method had systolic differences and 
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only 4 per cent had diastolic differences of 
this degree. This indicates that bilateral de- 
terminations of blood pressure must be per- 
formed simultaneous'y on patients being ex- 
amined for possible inequalities of blood 
pressure. 

Bilateral differences in blood pressure ob- 
tained by the simultaneous indirect and simul- 
taneous direct methods in 14 normal subjects 
and 53 selected patients were compared. In 
the normal subjects, 3 of the 42 paired indirect 
measurements and none of the paired direct 
measurements in either the radial or brachial 
arteries had systolic differences of 10 mm. Hg 
or greater, and none of the diastolic differ- 
ences were of this level. In the 53 selected 
patients, 10 per cent of the indirect and 6 per 
cent of the direct measurements of systolic 
blood pressure differed by 10 mm. Hg or more 
and 8 per cent of the paired indirect measure- 
ments of diastolic blood pressure and less 
than 1 per cent of the paired direct measure- 
ments differed by this amount. These differ- 
ences in bilateral blood pressures were charac- 


terized by their inconstaney and lack of 
agreement with subsequent measurements 
when studied by both the indirect and direct 
methods, which apparently separates them 
from those due to altered hemodynamics from 
pathologic conditions of the aortic arch or 
its tributaries. 


Bilateral differences of blood pressure are 
of clinical importance when they are great 
and are reproducible by the direct as well as 
by the indirect methods, as illustrated by a 
patient encountered in this study. 

In addition, 1 case of extreme obesity and 
1 of advanced arteriosclerosis were reported. 
Both patients were found to have pseudo- 
hypertension, which was detected in this 
study. 

A slight inerease in the incidence of bilat- 
eral differences in indirect blood pressures 
was found in a group of patients whose blood 
pressures were measured while they were in 
the supine and then in the sitting position. 

A slight increase in the incidence of bilat- 
eral differences was found at higher levels of 
blood pressure by comparing the blood pres- 
sures of nonhypertensive and hypertensive 
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patients and of hypertensive patients before 
and during treatment with antihypertensive 
drugs. 

Bilateral inequalities of blood pressure lid 
not appear to be related to the age or se) 
the subjects. Likewise, differences in circ) 
ferences of the arm or right or left-han 
ness did not appear to influence these ineq 
ities, and there was no marked side domina ic 
for differences found. 

Bilaterally simultaneous, indirect meas): 
ments of blood pressure should be carried 
on patients with hypertension who will 
treated with antihypertensive drugs. Bi: 
eral direct measurements may be used 
verify the existence of inequality of blood 
pressures detected by the indirect method :nd 
to determine the correct pressure to be /ol- 
lowed. This is particularly important in pa- 
tients being screened for pheochromocytomias, 
since such differences may produce false- 
positive results. 


Summario in Interlingua 

Determinationes bilateral del tension de sanguine 
esseva effectuate nonsimultaneemente e simultanee- 
mente per le methodo indirecte sub conditiones basal 
in 447 patientes. In iste gruppo, 26,6 pro cento del 
pares de mesurationes non simultanee per le methodo 
indirecte exhibiva differentias systolic de 10 mm de 
Hg o plus, e 15 pro cento exhibivo differentias <dia- 
stolic de iste magnitude, durante que in le pares de 
mesurationes simultanee per le mesme methodo in- 
directe, le incidentia de tal differentias systolic esseva 
solmente 5, 3 pro cento, illo de tal differentias <ia- 
stolic solmente 4 pro ecento. Isto significa que de- 
terminationes bilateral del tension de sanguine debe 
esser effectuate simultaneemente in patientes sub 
examine pro le presentia possibile de inequalitates del 
tension de sanguine. 

Le tensiones al duo lateres, obtenite per simultanee 
mesurationes indireete e per simultanee mesurationes 
directe, esseva comparate pro 14 subjectos normal e 
53 seligite patientes. In le subjectos normal, 3 del 
42 pares de mesurationes indirecte e nulle del pares 
de mesurationes directe in le arterias radial o in le 
arterias brachial monstrava un differentia systolic de 
10 mm de Hg o plus, e nulle del differentias diastvlic 
esseva de iste ordine de magnitude. In le 53 seliyite 
patientes, 10 pro cento del indirecte e 6 pro cento del 
directe mesurationes monstrava differentias syst. lic 
de 10 mm de Hg o plus, e 8 pro cento del indircte 
e minus que 1 pro ecento del directe mesuratio.es 
monstrava differentias diastolic de ille magnitvle. 
Iste differentias inter le tensiones del sanguine al | uo 
lateres esseva characterisate per inconstantia e 1 n- 
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eong aentia con subsequente mesurationes, tanto in le 
uso el direete como etiam in le uso del indirecte 
meth do. Iste characteristica differentia los ab illos 
equs: 'e per un alteration del hemodynamica in con- 
sequi tia de conditiones pathologie in le arco aortic 
o in 'e tributarios de illo. 

Di ferentias bilateral del tension de sanguine es de 
signi ication clinie quando illos es mareate e quando 
illos os reproducibile tanto per le direete como etiam 
per © indireete methodo. Isto es illustrate per le 
easo de un del patientes inecludite in le presente 
stud:o. 

Es reportate in plus un easo de extreme obesitate 
e un altere de arteriosclerosis avantiate. In ambe 
iste casos, le presente studio detegeva le facto que le 
paticute habeva pseudohypertension. 

Un level augmento in le incidentia de differentias 
bilateral del indireete tension de sanguine esseva 
constatate in un gruppo de patientes in qui le mesura- 
tioncs esseva effectuate primo quando illes se trovava 
in dccubito dorsal e postea quando illes se trovava in 
position sedente, 


Un leve augmento del incidentia de differentias 
bilateral esseva constatate a plus alte nivellos del 
tension de sanguine in un comparation del mesura- 
tiones in patientes con e sin hypertension e etiam in 
un comparation del mesurationes in patientes hyper- 


tensive ante e post le tractamento con drogas anti- 
hypertensive. 

Le inequalitates del tension de sanguine al duo 
lateres non pareva esser relationate con le etate o 
con le sexo del subjectos. Similemente, differentias in 
le cireumferentias del bracios e dexterismo o sinis- 
trismo non pareva influentiar iste inequalitates, e le 
differentias constatate non exhibiva un mareate domi- 
nantia de un latere super le altere. 

Simultanee indireete mesurationes bilateral del ten- 
sion de sanguine deberea esser effectuate in patientes 
con hypertension qui es candidatos pro un therapia 
a drogas antihypertensive. Directe mesurationes bi- 
lateral pote esser usate pro verificar le existentia de 
inequalitates lateral del tension del sanguine detegite 
per le indireete methodo e pro determinar le ecorrecte 
tension como base del observationes subsequente. 
Isto es particularmente importante in patientes in- 
vestigate pro pheochromocytomas, proque tal differ- 


entias es eapaece a producer resultatos falsemente 
posit ‘ve. 


References 


‘AWADIAS, A.: Etude comparative des tensions 
artérielles des deux membres supérieurs et 
inférieurs: Applications cliniques dens les 
anévrismes aortiques et les artérites des mem- 
bres inférieurs. Compt. rend. Soe. de biol. 73: 
612, 1912. 
<orNS, H. M., AND GUINAND, P. H.: Inequality 
of blood pressure in brachial arteries, with 
especial reference to disease of the arch of 
arota. J. Clin. Invest. 12: 143, 1933. 


lation, Volume XXII, September 1960 


435 


HeErz06, F.: Beiderseitige gleichzeitige Blutdruck- 
messung zur Diagnose der Aortitis luica. 
Deutsche med. Wehnschr. 2: 1803, 1938. 

CHRISTENSEN, N. A., AND Hines, E. A., JR.: 
Clinical features in coarctation of the aorta: 
A review of 96 cases. Proc. Staff Meet., Mayo 
Clin. 23: 339, 1948. 

ELLIs, F. H., JR., AND CLAGETT, O. T.: Coareta- 
tion of the aorta proximal to the left subcla- 
vian artery: Experience with six surgical cases 
Ann. Surg. 146: 145, 1957. 

WARREN, R., AND TRIEDMAN, L. J.: Pulseless dis- 
ease and ecarotid-artery thrombosis: Surgical 
considerations. New England J. Med. 257: 685, 
1957. 

Epwarps, J. E.: Acquired diseases of the tho- 
racic aorta. M. Clin. North America 42: 1011, 
1958. 

RvuEGER, M. J.: Blood pressure variations in 2 
arms. Ann. Int. Med. 35: 1023, 1951. 

ScHUTTMANN, W.: Die differentialdiagnostische 
Bedeutung des seitenverschiedenen Blutdrucks. 
Miinchen. med. Wehnschr. 99: 1613, 1957. 

SHock, N. W., AND OGDEN, E.: The differences 
between blood-pressure measurements obtained 
simultaneously on the two arms. Quart. J. Ex- 
per. Physiol. 30: 155, 1940. 

BECKMANN, A.: Blutdruck-Seitendifferenzen an 
den oberen Extremitaiten. Deutsche med. 
Wehnsehr. 78: 218, 1953. 

SouTtusy, R.: Some clinical observations on blood 
pressure and their practical application, with 
special reference to variation of blood pressure 
readings in the two arms. M. J. Australia 2: 
569, 1935. 

AMSTERDAM, B., AND AMSTERDAM, A. L.: Dis- 
parity in blood pressures in both arms in nor- 
mals and hypertensives and its clinical signifi- 
eance: A study of 1,000 normals and 272 hy- 
pertensives. New York J. Med. 43: 2294, 1943. 

RaNpDIG, K., Bupine, A., AND EISMANN, J.: 
Seitendifferenzen bei der Blutdruckmessung. 
Deutsche med. Wehnschr. 77: 75, 1952. 

ALLEN, E. V., AND HINES, E. A., JR.: Fluctua- 
tions of blood pressure measurements. Mod. 
Concepts Cardiovas. Dis., vol. 8, November, 
1939. 

Kay, W. E., AND GARDNER, K. D.: Comparative 
blood pressures in the two arms: Some elinical 
observations. California & West. Med. 33: 578, 
1930. 

BAvUEREISEN, E.: ther Seitenunterschiede des 
Druckes in den Armarterien: Ein Beitrag zur 
Haemodynamik seitensymmetrischer Teilkreis- 
liufe. Ztschr. Biol. 106: 219, 1953. 

HAGEN, H.: Zur Problematik der Blutdruckseiten- 
differenzen: Aus der Medizinischen Klinik des 


Waldrankenhauses Zeven/Hann. Medizinische 
1: 759, 1956. 





436 


19. 


Rotu, G. M., AND KvaLe, W. F.: Pheochromoey- 
toma, factors in the accurate pharmacologic 
diagnosis. Dis. Chest 29: 366, 1956. 

Cyriax, E. F.: Unilateral alterations in blood- 
pressure; the differential blood-pressure sign: 
Second communication. Quart. J. Med. 14: 309, 
1921. 

BopENSTAB, W. H.: Blood pressure: Difference 
of reading in the two arms. Journal-Lancet 
45: 360, 1925. 

VAN BALEN, G. F.: Bloeddrukmetingen aan beide 
armen. Nederl. tijdschr. geneesk. 83: 932, 1929. 

STIEGLITZ, E. J., AND Propst, D. W.: Differential 
arterial tension. Am. J. M. Se. 184: 336, 1932. 

IsrRAEL, E.: Differences in blood pressure in both 
arms. Acta med. orientalia 3: 86, 1944. 

HeEppAEUS, J.: Doppelseitige Blutdruckmessungen 
mit dem Combitonographen. Ztschr. Kreislauf- 
forsch 37: 297, 1948. 

Hoyer, H.: Ein weiterer Beitrag zum Thema 
Blutdruckdifferenzen an den oberen Extremi- 
tiiten. Med. Monatsschr. 10: 784, 1956. 

STEIN, E.: Die Bedeutung seitendifferenter Blut 
druckwerte. Arztl. Wehnsehr. 11: 557, 1956. 
LAMBERT, E. H., AND Woop, E. H.: The use of 
resistance wire, strain gauge manometer to 
measure intraarterial pressure. Proc. Soc. Ex- 

per. Biol. & Med. 64: 186, 1947. 

BorbDLey, J., III, Connor, C. A. R., HAMILTON, 
W. F., Kerr, W. J., AND WIGGERS, C. J.: Ree- 
ommendations for human blood pressure deter- 
minations by sphygmomanometers. Circulation 
4: 503, 1951. 


GoppDEN, J. O., Rotu, G. M., and HINEs, E. A., 


HARRISON, ROTH, HIN 


Jr.: Changes in intra-arterial pressure du 
immersion of hand in ice-cold water. Cir 
tion 12: 963, 1955. 

Woop, E. H., LAMBERT, E., AND BURCHELI 
B.: The application of a strain gauge man 
ter, a modified ear oximeter and a whole | 
cuvette oximeter to the technie of cardiae « 
eterization. Abstracted, J. Clin. Invest. 
819, 1949. 

RAGAN, C., AND BorpbLeEy, J., III: Accurac) 
clinical measurements of arterial blood } 
sure, with note on auscultatory gap. Bull. J: 
Hopkins Hosp. 69: 504, 1941. 

Trout, K. W., BeRTRAN, C. A., AND WILLI 
M. H.: Measurement of blood pressure in o 
persons. J.A.M.A. 162: 970, 1956. 

KIRSCHSIEPER, H. M.: Uber indirekte Blutd: 
messung am Menschen: Der Einfluss des 
fangs der Messstelle. Ztschr. Kinderh. 71: 
1952. 

KAuHN, M. H.: The position of the arm in bl 
pressure measurements. Am. J. M. Se. 
823, 1919. 

Suock, N. W., Oapen, E., AND HEcK, K.: 
probable error of blood-pressure measurem« 
Quart. J. Exper. Physiol. 29: 49, 1939. 

Puipprs, C.: Blood-pressure. Boston M. & S 
173: 476, 1915. 

YOSHINO, G.: Simultaneous blood pressure me: 
urements in both arms. Acta scholae med. uni 
imp. in Kioto 16: 191, 1934. 

Wiacers, C. J.: Dynamie reactions induced by 

compression of an artery. Circulation Research 

4: 4, 1956. 


It may naturally be supposed that the erroneous view which Laennec took of the heart’s 
action, led to corresponding errors in his doctrines of auscultation. Yet these are, for- 
tunately, not of such magnitude as might be expected. With one exception—that of 
considering loudness of the second sound to be an indication of dilatation of the auricles, 
the errors are those of omission, and of incorrect explanation. The omissions are consider- 
able and important. He was not aware of a fact noticed by the writer several years ago, 
that bellow-murmurs are produced by regurgitation through the valves—J. Horr, M.D. 
Diseases of the Heart and Great Vessels. London, William Kidd, 1832, p. 14. 
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Adult Endocardial Fibroelastosis Associated with 


Dextrocardia and Situs Inversus 


By FRANKLIN G. Horrman, M.D. 


NDOCARDIAL thickening may be due 
E to a variety of causes, among which are 
pri) ary myocardial lesions, hypertension, 
convenital anomalies of the coronary arteries, 
dev lopmental cardiac defects! beriberi heart 
disease, progressive systemic sclerosis,®> and 
idiopathic cardiac hypertrophy.*® Many eti- 
olovie factors have been proposed as causative 
in endocardial fibrosis ;!° these include meta- 
bolic,!! familial,!* 1% infectious,* allergic 
eauses,!® arsenical agents,® and multiple 
factors.17 There is lack of agreement on uni- 
form terminology of adult endocardial fibroe- 
lastosis because of uncertainty concerning its 
etiology. In addition, pathologic features show 
significant differences. This is in marked con- 
trast to the well-documented counterpart in 
infants and children. Geographic differences 
further add to speculation with regard to 
the various aspects of endocardial fibroelasto- 
sis. 

Selye!® produced subendocardial necrosis 
in rats after suitable conditioning with corti- 
coids, sodium salts, and stress. Endocardial 
fibrosis developed in these areas; when ani- 
mals were pretreated with magnesium chlo- 
ride, however, endocardial fibrosis did not 
develop. 

Endocardial fibrosis without elastosis has 
been observed repeatedly in cardiac lesions 
of patients with the malignant carcinoid syn- 
drome.1® These changes are restricted to the 
rigit side of the heart, specifically the pul- 
monary and tricuspid valves, and the right 
atr'1, except in the presence of a patent 
for men ovale. In the latter instance the 

‘al and aortic valves may be involved. 

s, serotonin has a direct proliferative 

m on fibrous tissue but is destroyed by 


tom the Cardiovascular Section, Veterans Admin- 
tion Hospital, Columbia, 8S. C. 
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the lungs; consequently, only the right heart 
is exposed to high concentrations of it. 

In a series of 109 unselected hearts studied 
at autopsy,?° varying degrees of endocardial 
thickening were noted in about 60 per cent; 
in 5 per cent the thickening was severe. Two 
types were distinguished ; first, the reparative 
type, characterized by fibrosis with little or 
no proliferation of elastic tissue; second, the 
compensatory, or mechanical, type appearing 
as hypertrophy of the endocardial smooth 
muscle and hyperplasia of endocardial elas- 
tica. The severe degrees were more closely 
related to cardiac dilatation and hypertrophy 
than other factors. Endocardial elastomyofi- 
brosis was found more frequently in the out- 
flow tract of the left ventricle. Mild degrees 
probably are unrelated to cardiac hyper- 
trophy and dilatation. 

Dextrocardia with complete situs inversus 
is considered by some?! not to be an anomalous 
condition, since there is only reversal of the 
circulatory path with no interference in func- 
tion. The occurrence of acquired heart disease 
in these individuals probably is the same as 
in the general population. 

The following case report illustrates what 
is believed to be the first instance of endo- 
cardial fibroelastosis associated with dextro- 
cardia and complete situs inversus. 


Case Report 

The patient, a 36-year-old Negro, was well until 
May 1954, when he was hospitalized in Korea 
because of nocturnal dyspnea and cough followed 
by severe shortness of breath while running uphill, 
and swelling of the ankles. There was one episode 
of blood-tinged sputum 3 months prior to his 
initial hospital admission in Korea. There was 
no history of chest pain except for brief soreness 
across the anterior chest. 

Situs inversus had been noted in 1941 (figs. 
1 and 2). Past history revealed no cyanosis and 
a normal childhood and adolescence. There was 
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Figure 1 
Conventional electrocardiogram, June 1941. CF, over right precordium. 


no history of rheumatic fever or other serious 
infectious diseases. 

Physical examination revealed dyspnea, orthop- 
nea, slight cyanosis, and distended neck veins. 
The apical impulse was in the fifth intereostal 
space in the right midclavicular line. The heart 
sounds were of fair quality and regular at a rate 
of 100. There were no murmurs, but a systolic 
gallop was present. Rales and wheezes were heard 
in both lungs. There was no peripheral edema or 
palpable liver. The blood pressure was 118/110. 

Complete blood count and routine urinalysis 
were within normal limits. Serology was negative. 
Blood urea nitrogen was 14.1 mg. per cent; total 
protein 5.8 Gm., albumin 3.7 Gm., globulin 2.1 
Gm. Venous pressure was 23 em. of water; arm- 
to-tongue test was 24.6 seconds, arm-to-lung 9.6 
seconds. Electrocardiograms on admission and sub- 
sequently were consistent with dextrocardia. With 
reversal of the right and left arm electrodes, and 
with leads over the right precordium, there was a 


deep S through V; and T-wave changes in all pre- 
cordial leads (fig. 3). X-ray at that time revealed 
dextrocardia and situs inversus; the cardiac sil- 
houette was consistent with either pericardial fluid 
or generalized cardiac dilatation. Congestive 
changes were noted in the lung fields (fig. 4). 

Following treatment with sodium restriction, 
diuretics, and digitalization, the heart size de- 
creased almost to normal. The patient was tlien 
evacuated to a general hospital. During his flizht 
back to the zone of interior he developed dyspnea 
and pain in the right lower chest, but no 
hemoptysis. 

Further studies, all of which were negative, 
included sickle-cell preparations, smears and 
cultures of sputum, bone marrow, and gas ric 
contents for acid fast bacilli, blood cultures, 

6 preparations for the LE phenomena. Bio» sy 
of the gastrocnemius muscle, including skin 

striated muscle, showed no pathologic chan; es. 
Blastomyein, coccidioidin, and histoplasmin s <in 
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ADULT ENDOCARDIAL FIBROELASTOSIS 


tests were negative. First-strength PPD was posi- 
tive. An angiocardiogram, performed in October 
1954 was interpreted as showing hypertrophy 
of t! > heart, predominantly left, with evidence of 
dela in emptying of the chambers of the left 
side of the heart; there was no evidence of 
sten :is of the major vessels or constriction of the 
outfi:w traets, and no anomalies of the heart 
char bers were noted. 

T! patient remained afebrile except during an 
epis de of pneumonitis that responded to peni- 
cillii Right heart catheterization in October 1954 
did \ot disclose the presence of a patent ductus 
or septal defect. Pressures in the right heart 
char. bers and pulmonary artery were within 
norr.al limits. 

In September 1955 the patient developed left 
hem paresis, which eventually improved. 

From February 1956 until his final admission 
in June 1959 he had recurrent episodes of con- 
gestive failure, and, following regulation of digi- 
talis. sodium restriction, and diuretics, he im- 
proved. Several times he complained of pleuritic 
chest pain and hemoptysis. He also had episodes 
of right upper quadrant, right and left costover- 
tebral angle discomfort. On one occasion urinalysis 
revealed albuminuria and hematuria; renal cal- 
culus was never proved. At no time during any 
of these admissions was there any significant 
change in the physical findings. Blood pressure 
was always within the normotensive range. X-ray 
and electrocardiogram remained essentially un- 
changed. 

His final admission was on June 30, 1959, 
because of the development of right hemiparesis 
(fig. 5). He became progressively worse, lapsed 
into coma, and died on July 1, 1959. 


Postmortem Examination 

Pertinent gross findings were confined to 
the cardiovascular system. Complete situs 
inversus was found. The heart was dextro- 
posed, with the apex pointing to the right. 
There was transposition of the great vessels; 
the aorta was on the right, the pulmonary 
artery was on the left, and the innominate 
Veils were transposed. The aortic arch itself 
was somewhat short and gave rise on the right 
to {1e innominate, common carotid, and sub- 
clay an arteries. The heart weight was 700 Gm. 
It | id the usual anatomic relationships noted 
in« mplete dextrocardia. No interatrial septal 
def ct was noted. There was a fairly dense 
opa ity noted over the anterior and posterior 
wal s of the left ventricle (fig. 6). On the 
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Figure 2 
Routine posteroanterior roentgenogram of chest, 
1950, 4 years prior to onset of congestive heart 
failure. 


posterolateral wall of the left ventricle was 
a very large mural thrombus that covered 
an area approximately 3.0 em. in diameter; 
sections through this revealed considerable 
fibrosis, which was also noted at the apex 
of the left ventricle. The valves, except for 
inerease in circumference due to dilatation, 
were normal, and there were no vegetations 
or gross lesions. There was marked dilatation 
of all chambers of the heart. The left ventri- 
cle, exclusive of papillary muscle and trabec- 
ulae carneae, measured 1.0 em. in thickness; 
the right ventricle measured 3.0 to 4.0 mm. 
in thickness. The coronary arteries, except 
for mirror reversal of their origins, showed 
no abnormalities and were soft, pliable, and 
patent throughout. There was endocardial 
thickening that extended to some extent all 
along the papillary muscles. There was edema 
and congestion of the lungs. There were small 
infarets in both the right and left kidneys 
and the spleen. The major lesion of the brain 
was an old, large infaret, cortical and sub- 
cortical, in the right frontal area. No gross 
embolus was demonstrated: on the left. 

The pertinent microscopic findings were 
confined to the heart. Sections from the left 
ventricle revealed that the lining endothelium 
was ill defined and, in some areas, completely 
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Figure 3 
Electrocardiogram, May 1954, during initial admission. 


Circulation, Volume XXII, September 960 





AD'LT ENDOCARDIAL FIBROELASTOSIS 


Figure 4 
Pos/eroanterior roentgenogram of chest, May 1954, 
during initial admission. 


absent. Beneath the endocardium there was 
a wide zone of dense collagenous fibrous tissue. 
This fibrotic area contained a few capillary 
channels (fig. 7). Some lymphocytic infiltra- 
tion and focal areas of fibrosis were noted 
deeper in this fibrotic zone (fig. 8). Sections 


that were stained for elastic tissue revealed 
no absolute increase in elastic tissue ; however, 
fragmentation of some of the elastic tissue 
fibers was noted (fig. 9). There was consider- 
able hypertrophy of the cardiac muscle fibers 
(fig. 10). There was swelling of individual 
fibers, which were 2 or 3 times normal size, 
with variation in staining capacity and con- 
figuration of the nuclei. Microscopie evidence 
of infarction in the spleen and kidneys was 
also present, as well as a recent partial throm- 
botic occlusion of the left middle cerebral 
artery. There was destruction of the right 
cerebral cortex with a considerable degree 
of vliosis. 
Discussion 

Mirror-image dextrocardia for the most 
part is unassociated with other intracardiac 
anomalies. On the other hand, approximately 
90 per cent of autopsied cases of dextrover- 
sio:' have associated developmental defects, 
usually of conotruneal origin.2*? An example 
of thickened mural endocardium in a case 
of orrected transposition of the great trunks 
wa- noted by Abbott.?! 


Circ lation, Volume XXII, September 1960 


Figure 5 
Posteroanterior roentgenogram of chest, May 1959, 
shortly before final admission. 


The pathologic features of this case sug- 
gest a combination of lesions—cardiac hyper- 
trophy on the one hand, endocardial fibro- 
elastosis on the other. The patient’s course 
was one of progressive deterioration punc- 
tuated by recurrent bouts of congestive failure 
and thromboembolic episodes. Terminally a 
cerebral embolus was suspected. At no time 
were any of the known etiologic causes of 
heart disease elicited, in spite of exhaustive 
studies. It was only shortly prior to death 
that the diagnosis of endocardial fibroelastosis 
was strongly entertained. Cardiac catheteri- 
zation failed to reveal any significant features 
to suggest the constrictive syndrome in the ab- 
sence of an elevated right ventricular end- 
diastolic pressure. In the infantile type of 
fibroelastosis, normal right heart pressures 
are more frequently found; this would tend 
to indicate, unless the right outflow tract is 
involved, or pulmonary obstruction is present, 
that significant right ventricular end-diastolic 
pressure changes may be absent. 

The mechanism whereby endocardial fibro- 
elastosis leads to cardiac hypertrophy still 
is speculative; however, it is currently ac- 
cepted that a mechanical factor, ie., the 
thickened, rigid endocardium, simulates con- 
strictive pericarditis and interferes with sys- 
tolic ejection. This has been borne out by 
hemodynamic studies.2* Linde and Adams? 
devised an ingenious method of measuring the 
in vitro length tension of the endocardium 





Left heart chambers. A portion of the septal wall 
is deflected to show areas of endocardial thicken- 
ing. Note mural thrombus in posterior wall of left 
ventricle, 


in patients with endocardial fibroelastosis. 
They compared the affected tissue with nor- 
mal endocardium and were able to demon- 
strate greatly increased tensile strength in 
endocardial fibroelastosis as it resisted stretch- 
ing. These studies further tend to emphasize 
the splinting effect of the thickened endo- 
cardium and consequent loss of ventricular 
contractility and resulting heart failure ob- 
served clinically. 


Fundamentally, as the term implies, the 
changes are seen most commonly in the endo- 
cardium. In most instances there is cardiac 
enlargement with dilatation and hypertrophy 
of one or more chambers.’ > The heart weight 
varies from 300 to 795 Gm. As a rule there 
are no striking changes in the atria, although, 


on oceasion, endocardial thickening with 
mural thrombi has been described. The re- 
markable feature is the pale gray thickening 
of the endocardial surface, varying from 1.0 
to 4.0 mm. These changes usually are charac- 
teristically distributed over the trabeculated 
surface of the ventricles, mostly at the apex 
of one or both ventricles, and tending to in- 
volve the posterior ventricular wall. It is un- 


HOFF) AN 


Figure 7 
Left ventricular endocardium showing marke. fi- 
brosis. Hematoxylin and eosin stain. 


usual] to find involvement of the ventric: lar 
septum and the subaortie or subpulm: nic 
area. Although valvular involvement is not a 
constant attribute, moderate degrees of th ck- 
ening are not uncommon and may produce 
stenosis.** ** Chordae tendineae also may s!iow 
thickening with fusion, shortening, and ad- 
herence to the posterior wall. Vegetations in 
the valves are rare, although fibrinous ver- 
rucal growths may be found. Mural thrombi 
are not uncommon on the ventricular wall 
and, on occasion, the atrioventricular valves. 
There may be a variable amount of focal or 
diffuse fibrotic change in the subjacent myo- 
cardium. The coronary arteries are patent. 
The pericardium is normal. A constant micro- 
scopic finding is fibrosis of the collagenous 
tissue, and sometimes areas of hyaline degen- 
eration. Elastic tissue may be present, but the 
amount and distribution are irregular. Asso- 
ciated focal collections of lymphocytes, some 
hypertrophy of individual muscle fibers, and 
varying amounts of linear fibrosis may be 
found in the deeper layers of the myocardium. 
Oceasionally, fibroelastic intimal hyperplasia 
of the smaller vessels, with subsequent nar- 
rowing of the lumina, may be found. 

The frequent occurrence of endocardial fi- 
broelastosis in infants and young child’en 
has prompted many authors to consider 1 1is 
as evidence of congenital rather than aecqui 
origin. This view is not easily refutable. F | 
thermore, similar lesions have been repor 
in adolescents and young adults more 
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Figure 8 
Left ventricular myocardium showing areas of fi- 
bros s and cellular infiltration. Hematoxylin and 
eosi) stain. 


que:itly than in older age groups.?® The possi- 
bility that endocardial fibroelastosis found in 
the second or third decade may represent per- 
sistence of this abnormality from birth cannot 
he denied. In these instances the assumption 
appears tenable that disturbed cardiae fune- 
tion did not manifest itself until adolescence 
or early adulthood for a variety of reasons, 
including limited involvement of the endo- 
cardium. The association of endocardial fibro- 
elastosis with dextrocardia with complete situs 
inversus by no means contradicts this reason- 
ing in view of the rationale of Abbott.?! 
Hence, this explanation for the occurrence in 
the later decades of life seems less tenable. 
Endocardial fibrosis is most commonly seen 
in young adults ;?* 3° however, older age 
groups are not exempt.3!°3 The entity is 
rarely suspected during life, since in most in- 
staves, it is an unexpected autopsy finding. 
The clinical picture is one of progressive car- 
(diac failure of rather insidious onset. The 
fail.re may run a rapid course of only a few 
wees or may extend over a period of years. 
In some instances exploratory operations have 
bee: performed because of suspected constric- 
tive pericarditis.?* 34 Fever usually is absent. 
Pai is an ineonstant feature and, when pres- 
ent. may be indistinguishable from angina. 
Th history is devoid of any features suggest- 
ing in etiologic factor. Blood pressure usually 
is) rmal but may be elevated during periods 
ongestive failure. There is no general 
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Figure 9 
Endocardium and adjacent myocardium showing 
elastic tissue. Weigert’s elastic-tissue stain. 


agreement that the pitch of the early diastolic 
sound is higher in pericardial calcification 
than in endocardial fibrosis.*° There is cardiac 
enlargement but no characteristic silhouette 
or specific chamber disproportion. Electrocar- 
diograms may show nonspecific changes rang- 
ing from T-wave abnormalities to QRS dis- 
tortion, and, on occasion, atrioventricular 
block of varying degree. Recently complete 
heart block with Stokes-Adams attacks has 
been observed.** ** As a rule, arrhythmias and 
conduction disturbances occur sometime dur- 
ing the clinical course; these usually are diffi- 
cult to manage.** Striking eosinophilia has 
been reported in some cases.?* 3% 40 
Ancillary studies sometimes are helpful but 
by no means pathognomonic. Cardiae cathe- 
terization studies reveal restricted ventricular 
contraction and filling, and impaired ejection 
of blood.** Similar hemodynamic studies have 
been found in other entities that constitute 
the constrictive syndrome, such as constrictive 
pericarditis,*! diffuse myocardial fibrosis,‘ * 
cardiac amyloidosis,** and in cases of pectus 
excavatum.*® These findings have been ade- 
quately summarized by other authors.** *# 
There are no constant symptoms, signs, or 
auxiliary features that unequivocally aid in 
making the diagnosis of endocardial fibroelas- 
tosis in the adult. Recent biplane angiocardio- 
graphic studies in children*® demonstrate the 
‘‘unchanging size and contour of the left ven- 
tricle,’’ a sign considered to be of value in 
the interim or interval diagnosis of congenital 





Figure 10 
Myocardium showing hypertrophy of cardiac mus- 
cle fibers and variations in nuclear staining and 
configuration. Hematoxylin and eosin stain. 


endocardial fibroelastosis. Similar studies in 
adults, and in the case herein presented, have 
been of little aid and only reflect delayed in- 
tracardiae circulation or eliminate other asso- 
ciated lesions.** The diagnosis usually is one 
of exclusion. One of the chief features in dif- 
ferential diagnosis is the frequently associated 
thromboembolic episode in endocardial fibro- 
elastosis. The real difficulty may arise when 
constrictive pericarditis is associated with 
cardiomegaly. Although this entity is being 
more frequently recognized, it still is uncom- 
mon and is of more than academic import, 
since decision to operate may rest on the eval- 
uation. It is obvious that one does not wish to 
neglect the surgically curable lesions, such as 
constrictive pericarditis. 

It would appear, from a critical review of 
the literature, that endocardial fibrosis is one 
of a group of entities that has been included 
in a wide spectrum of seemingly related con- 
ditions. Several variants have been reported 
from different areas of Africa. Higginson, 
Gillanders, and Murray** have described a 
common type of endocardial fibrosis in the 
Bantu, characterized by cardiac enlargement, 
interstitial fibrosis, and cardiac muscle hyper- 
trophy. These authors are of the opinion that 
nutritional deficiency, not necessarily thia- 
mine, plays a distinctive role in etiology. In 
East Africa, Davies and others**° noted that 
endocardial fibrosis was responsible for about 
14 per cent of cardiac deaths. Extensive fibro- 
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sis of the endocardium and subjacent veniric- 
ular myocardium, commonly involving the 
atrioventricular valves, was noted at autopsy, 
Becker and his group*! reported a serics of 
40 patients (32 Bantu, 8 Europeans) and pre- 
sented evidence to suggest that these les ons 
are due to collagen degeneration and its ::sso- 
ciated ground and cement substances in the 
endocardial connective tissue. None of th. le- 
sions showed characteristics compatible \-ith 
known collagen disease. 

In the United States the well-known series 
of endocardial fibroelastosis reported by 
Thomas et al.°” has been noted. They believed 
that the lesions described in their series (lif. 
fered quantitatively from those reported by 
Davies and his group. Another group of cises, 
originally described by Léoffler,®> resemlled 
constrictive pericarditis but showed extensive 
endocardial fibrosis with marked eosinophil- 
ia.*” Similar cases have been reported recently 
in this country.** *® Isolated instances of en- 
docardial fibrosis with extensive myocardial 
fibrosis have been noted; in these cases the 
endocardial lesions are not so prominent as 
those in the myocardium.'* ** *° To add to the 
confusion, cases of cardiae enlargement of un- 
known etiology, in which marked hypertrophy 
of individual cardiac muscle fibers and mini- 
mal endocardial changes are noted, have been 
included in eases of endocardial fibrosis.°*** 
Hemodynamic studies in these cases have re- 
vealed no evidence to suggest that the findings 
are representative of the constrictive syn- 
drome. Whether this entity is part of the spec- 
trum of endocardial fibrosis cannot be dis- 
puted at this time. 


Summary 

The clinical and pathologic features of the 
first case of endocardial fibroelastosis in an 
adult, associated with dextrocardia and situs 
inversus, is reported. Difficulties in diagnosis 
are evident. It is considered that the oecur- 
rence of this lesion in this patient is not «vi- 
dence of a congenital origin. Other intracar- 
diac defects are rarely found associated with 
dextrocardia and situs inversus. The incide ce 
of acquired heart disease in this group piob- 
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abl) is no different from that in the general 
pop lation. 

E idoecardial fibroelastosis and its closely 
rela ed entities in the adult may pose a diffi- 
eult problem in differential diagnosis. The 
imp ications involved are realistic, since ex- 
plo: ‘tory thoracotomy may be considered if 
cons rietive pericarditis cannot be ruled out. 
Thi. entity should be suspected in patients, 
pariicularly young adults, with progressive 
concestive failure where the etiology is ob- 
secur’. Patients over 60 years of age with 
Stohes-Adams disease, in the absence of un- 
equivocal evidence of arteriosclerotic heart 
diseise or aortic stenosis, should also be sus- 
pected of having this entity.**: 37 The frequent 
occurrence of thromboembolic episodes is more 
often associated with endocardial fibroelastosis 
than with other entities. Efforts to arrive at a 
definite diagnosis should be made, and explor- 
ation advised when constrictive pericarditis 
cannot be ruled out. Unfortunately, cases of 
endocardial fibrosis, myocardial fibrosis, and 
probably similar entities comprising the con- 
strictive syndrome, on occasion will be found 
at operation.®® This difficulty may arise if con- 
strictive pericarditis is associated with cardio- 
megaly. 
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Summario in Interlingua 

Es reportate le aspectos elinie e pathologie del 
prime caso de fibroelastosis endocardial, occurrente 
in un adulto in association con dextrocardia e sito 
inverse. Le difficultates del diagnose es evidente. Es 
opin: te que le presentia de fibroelastosis endocardial 
in ist patiente non indica su origine congenite. Altere 
defectos intracardiac se trova rarmente in associa- 
tion on dextroeardia e sito inverse. Le incidentia de 
acquirite morbo eardiae in iste gruppo de patientes 
es pobabilemente le mesme como in le population 
general, 

Fi! roelastosis endocardial e le entitates intime- 
ment’ affin con illo, quando ocecurrente in adultos, 
pone frequentemente difficile problemas ab le puncto 
de v'-ta del diagnose differential, Le signification de 
iste acto non es purmente theoric, proque un thoraco- 
tomi exploratori pote esser prendite sub considera- 
tion -i pericarditis constrictive non pote esser exclu- 
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dite. Le presentia de iste entitate deberea esser sus- 
picite in patientes—particularmente juvene adultos— 
qui manifesta un progressive disfallimento conges- 
tive a etiologia obscur. Patientes de plus que 60 
annos de etate con morbo de Stokes-Adam debe etiam 
esser considerate como possibile candidatos pro iste 
diagnose si signos inequivoe de morbo cardiac arterio- 
sclerotic o de stenosis aortic es absente. Le fre- 
quente oceurrentia de episodios thromboembolic es 
associate plus sovente con fibroelastosis endocardial 
que con altere entitates. Effortios a establir un 
definite diagnose deberea esser facite, e un explora- 
tion deberea esser recommendate quando pericarditis 
constrictive no pote esser excludite. Infelicemente, 
easos de fibrosis endocardial, de fibrosis myocardial, 
e probabilemente de simile entitates pertinente al 
syndrome constrictive es discoperite a vices durante 
le intervention chirurgie. Iste difficultate pote sub- 
levar se quando pericarditis constrictive es associate 
con cardiomegalia. 
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OUNT, 
a Medical Ep 
do edic onyms 
ardial By Roserr W. Buck, M.D. : 
Libman-Sacks Syndrome. Emanuel Libman (1872-1946) Professor of Clinical Medi- 
+ ve cine, Columbia University College of Physicians and Surgeons, and Benjamin Sacks 
— (1896-?) his then associate reported “A Hitherto Undescribed Form of Valvular and 
1957. Mural Endocarditis” (read in abstract before the Association of American Physicians, 
Atlantie City, New Jersey, May 1, 1923 and appearing in the Transaction of the Associa- 
tion of American Physicians 38: 46-61, Philadelphia, 1923, same title), in the Archives 
of Internal Medicine 33: 701-737 (June) 1924. 

“We have had the opportunity of studying the clinical and pathologie findings in four 
cases of a hitherto undescribed form of endocarditis, which we have for the present 
described as an atypical form of verrucous endocarditis. . . . The disease ... ran a 
subacute course with fever and progressive anemia. Briefly enumerated, the clinical 
findings were pericarditis, white-centered petechiae, arthritis, erythematous purpuric 
rashes, ulcerative lesions of the mucous membranes, pleuropulmonary symptoms, embolic 
phenomena, enlargement of the liver and spleen, acute glomerulonephritis, a tendency to 
leukopenia and repeatedly negative blood cultures. Two of the patients had an eruption 
on the face which resembled acute lupus erythematosus disseminatus. . . .” 
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Auscultatory Findings in Myocardial Infarction 


By J. Scorr Burrerwortu, M.D., anp Epmunp H. Reppert, Jr., M.D. 


N THE subject of auscultation in acute 

myocardial infarction James B. Her- 
rick! wrote in 1912 ‘‘The heart tones have 
been feeble—in fact, often startlingly feeble. 
Feeble contraction of the weakened, anemic 
heart muscle accounts for the weak pulse and 
the weak tones.’’ A review of current texts 
on heart disease** gives much the same in- 
formation. Little investigative work has been 
done on this subject, which is not particularly 
surprising when one realizes that electrocar- 
diography and not auscultation is the more 
precise method of diagnosis in acute myocar- 
dial infarction. 

Other reasons for the lack of precise know]l- 
edge are the technical difficulties of making 
phonocardiograms or tape recordings and in 
doing hemodynamic studies during the acute 
phase of myocardial infarction. These diffi- 
culties include the critical condition of the 
patient, environmental noise, and the lack of 
any standardization technie for phonocardi- 
ography that allows accurate comparison of 
intensity and frequency of the heart sounds 
from patient to patient. 

Bean® noted that the heart sounds were 
described as weak, distant, or muffled in about 
80 per cent of 160 cases of acute myocardial 
infarction and the loudness of the sounds was 
inversely related to the degree of shock in 
most cases. A phonographic study of heart 
sounds in acute myocardial infarction was 
done by Parsonnet and Hyman® in 1931, but 
because of lack of accurate recording equip- 
ment at that time it is difficult to evaluate 
their results in light of present technics. In 
1942 Masters and Friedman,’ using better 
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equipment, recorded phonocardiograms 
100 normal people for controls and then 
series of patients with acute myocardial 
farction. They reported that the first heir 
sound was absolutely diminished in amplitu 
in 24 per cent of the cases of infarction a 
was relatively reduced in relation to the s 
ond heart sound in 54 per cent. They a! 
noted that an atrial or fourth sound was : 
corded in 83 per cent of cases with infarction 
but in only 38 per cent of the controls aud 
was practically always associated with car- 
diac failure. Likewise, a third heart sound 
was present in 47 per cent of cases with in- 
farction, but only in 12 per cent of the con- 
trols and was invariably associated with car- 
diae failure. Another observation was that 
shock was much less common in those cases 
with an unimpaired first heart sound. 


Normal Intensity of Heart Sounds 

Many factors affect the intensity of the 
first and second heart sounds. The sounds 
are accentuated when the heart is close to the 
precordium as in children and thin adults, 
and, conversely, they are diminished in obese 
individuals and in emphysema because of the 
distance of the heart from the precordium and 
the poor conductive qualities of fat and lung 
tissue. 

It should be pointed out that because of 
the wide variation in intensity of heart 
sounds normally, it is extremely difficult to 
evaluate changes unless each individual «cts 
as his own control by having phonoeariio- 
grams or tape recordings made before the oe- 
currence of a disease process. Even the change 
from a sitting or reclining position to a su- 
pine position frequently alters the intensity 


of the heart sounds rather markedly anc is 
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ly one of several factors that must be con- 
ti lled. Also, as far as we are aware, no one 
hs carefully studied the intensity of the 
hart sounds in normal individuals confined 
t. bed for a prolonged period of time. 

ur knowledge of the changing intensity 
0: heart sounds due to pathologie processes is 
fiigmentary, since adequate hemodynamic 
idies have not been done under acute con- 
diiions. It would seem, however, that the in- 
te. isity of the first heart sound (which results 
from the vibrations of the blood initiated by 
th closure of the mitral and _ tricuspid 
valves) must be related to diastolic filling and 
veutrieular ejection time. 

Since we have so little data on this subject, 
we can only rely on clinical observations that 
have shown that the heart sounds tend to be 
diminished in such conditions as shock, peri- 
cardial effusions, cardiac decompensation, and 
terminal states. Thus, when myocardial in- 
farction is accompanied by some degree of 
shock, the heart sounds commonly seem to be 
diminished in intensity. On the other hand, 
we have examined many cases of acute myo- 
cardial infaretion without shock and we have 
not been impressed with any marked changes 
in the intensity or character of the heart 
sounds. But to confuse the issue further we 
must confess that we have occasionally, in 
cases of acute myocardial infarction, noted 
changes in the intensity of the heart sounds 
from time to time in the same patient even 
though no objective signs (changes in blood 
pressure, heart rate, ete.) have occurred to 
indicate a change in clinical status. 


m 


Additional Sounds 

When the left ventricle is dilated as the 
res:lt of myocardial disease of either acute 
or 1roni¢e nature, a gallop sound is frequently 
present, which is generally accepted to be an 
ace ntuation of a normal third heart sound 
or: normal atrial sound. Thus, a gallop may 
be rotodiastolie if due to accentuation of the 
thi: 1 sound or presystolic if due to accentua- 
tio: of the atrial sound. At times, both may 
be resent as separate sounds or may be fused 
int a single loud diastolic sound. 
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Other Auscultatory Findings 
Most of the abnormal auscultatory findings 
in acute myocardial infarction and chronic 
arteriosclerotic heart disease are the result of 
complications. These findings are often of 
definite diagnostic aid, since they may give 
information that is not readily obtainable 
from such tests as the electrocardiogram. 


Pericarditis 

While figures vary widely, about 20 per 
cent of cases of acute myocardial infarction 
are said to show pericardial friction rubs at 
some time.® This figure might be higher if 
continuous recordings were to be made, since 
some pericardial involvement has been noted 
in as many as 80 per cent of autopsied cases 
of myocardial infarction.’ It is difficult, how- 
ever, to know how much involvement is neces- 
sary to produce rubs; moreover autopsied 
cases are a small percentage of the total num- 
ber of cases of myocardial infarction. 

The pericardial friction rubs resulting from 
myocardial infarction have no characteristics 
that differentiate them from -other types of 
pericarditis producing rubs. Rubs are prob- 
ably most commonly heard 2 to 4 days follow- 
ing the infarction. : 


Perforation of the Interventricular Septum 

This is an uncommon situation probably 
occurring in only 1 to 2 per cent of deaths 
from myocardial infaretion™ but the diagno- 
sis is relatively simple. The sudden occurrence 
of a loud systolic murmur, usually maximal 
in the fourth left intercostal space with or 
without a thrill is sufficient evidence. Loud 
pericardial rubs, however, may at times be 
confusing. The patient usually develops in- 
creasing venous pressure and left ventricular 
failure and the course is generally rapidly 
deteriorating although a few cases have been 
known to survive for several months or even 
years.?? 


Ruptured Papillary Muscle 

This may also be confused with perforation 
of the interventricular septum but the mur- 
murs tend to be more bizarre, sometimes have 
been reported to be diastolic in time and are 
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Figure 1 

Systolic murmurs recorded from the cardiac apex 
of a 54-year-old man with previous myocardial 
infarction in whom this murmur developed sud- 
denly. The figures at the left of each stethogram 
indicate the number of days following the onset of 
the murmur at which the recordings were made. 
Note the high-frequency musical characteristics of 
the murmur at the time of the first 3 recordings. 
The heart sounds can scarcely be identified because 
the murmur was so loud (grade VI) that the re- 
cording volume had to be markedly reduced. In 
time the murmur decreased in intensity and lost its 
musical character and in the last 3 recordings the 
heart sounds can be identified. Time intervals are 
0.04 second. 


usually better heard at the apex. A thrill is 
generally absent?* in distinction to its rather 
common occurrence in interventricular septal 
rupture. 

Figure 1 illustrates the bizarre and chang- 
ing murmur encountered in a 54-year-old man 
who had had a previous myocardial infare- 
tion. He was awakened from sleep, and al- 
though he noted no precordial pain, he felt 
weak and perspired profusely. His wife could 
hear a peculiar sound and upon placing her 
hand on his chest, felt a ‘‘crawling’’ sensa- 
tion. When examined, the patient had a 
grade-VI systolic murmur at the apex accom- 
panied by a thrill. The electrocardiogram 
showed evidence of subendocardial infa~ction. 
The patient survived this episode but died 
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suddenly in his sleep 9 months later. Althov .h 
the diagnosis of ruptured papillary mus | 
cannot be proved because an autopsy was 
obtained, the figure is consistent with 
diagnosis and at least illustrates the type 
murmur with sudden onset that should aro 
the suspicion of a ruptured papillary mus 
or perforation of the interventricular septi 
Rupture of the Ventricle 

This complication usually occurs betw 
the second and twelfth day after infarcti 
Again the murmur is loud and _ systolic 
time and accompanied by a thrill.'* Card 
tamponade and rapid deterioration are 
consequence.” 


Ventricular Aneurysm 

Although various murmurs have been ¢e- 
ported in cases of ventricular aneurysm /ol- 
lowing myocardial infarction, in our experi 
ence most of these cases have no unnsual aus- 
cultatory findings and the diagnosis is best 
made by electrocardiography and cardiac 
fluoroscopy. 
Other Murmurs Encountered in Arteriosclerotic 
Heart Disease 

There are other murmurs that may at times 
be most confusing in a patient with arterio- 
sclerotic heart disease with or without acute 
myocardial infarction. One of these (fig. 2) 
is a diastolic murmur, often with presystolic 
accentuation, which is very similar to the 
murmur of mitral stenosis. The figure illus- 
trates the stethogram from the cardiac apex 
of a 48-year-old woman with previous authen- 
ticated myocardial infarction who showed 
progressive cardiac enlargement and cardiac 
failure but gave no history of angina pectoris. 
At autopsy there was left ventricular hyper- 
trophy and dilatation and severe coronary 
atherosclerosis with an old myocardial in- 
farction. The valves were essentially norzal, 
and it is presumed that the murmur resu ted 
from relative mitra! stenosis due to dilata’ion 
of the left ventricle. It will be noted that t!:ere 
is no opening snap, which would be com non 
in mitral stenosis. Instead there is a low [re- 
quency sound which would be consistent vith 
a third heart sound, which is commonly een 
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Figure 2 
thogram recorded from the apex of a 48-year- 
woman with a history of previous myocardial 
irction, increasing cardiac enlargement, and 
diac decompensation but without angina pec- 
is. The first and second heart sounds are identi- 
iv:l, Note the vibrations occurring during diastole 
including a low-frequency sound, which is prob- 
ably a third heart sound. This murmur sounded 
like the low-pitched rumble of mitral stenosis. 

Time intervals are 0.04 second. 


with left ventricular dilatation and in the 
presence of cardiae failure is interpreted as 
a gallop sound. When this patient was first 
seen, the diastolic murmur was wrongly in- 
terpreted as evidence of mitral stenosis. 
Rheumatic valvular lesions in the older age 
groups may frequently pre-exist in patients 
with myocardial infarction and cause great 
confusion if they have not previously been 
known, A particularly common variety is 
aortic stenosis, which is a frequent precursor 
of angina pectoris and myocardial infarction. 
W: recently had this brought to our attention 
When we saw a 58-year-old man for the first 
time who gave a history of severe precordial 
pai of several hours’ duration and in whom 
the electrocavdiogram showed S-T segment 
cheages presumed to be the result of acute 
ndocardial myocardial ischemia or in- 
tion. While he did have a faint systolic 
nur at the aortic area, no great signifi- 
‘ was attached to it until he had been 
italized for a few days. Then it became 
rent from the lack of clinical and lab- 
ry signs of acute myocardial infarction 
a stable electrocardiogram that the con- 
i was in reality one of previously un- 
nosed aortic stenosis with an anginal 
rome. The carotid pulse curve!® was 
cal of hemodynamically significant aortic 
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stenosis, and the electrocardiographic pattern 
was evidently the result of left ventricular 
hypertrophy. 

One could cite many examples of this sort 
but the variability is extreme and taxes the 
ingenuity of the physician. 


Summary 

The auscultatory findings in acute myocar- 
dia! infarction and arteriosclerotic heart dis- 
ease have been briefly reviewed. It has been 
pointed out that there are no auscultatory 
findings that can equal the efficiency of the 
electrocardiogram in the diagnosis of acute 
myocardial infarction. The signs that do oec- 
cur are probably the result of variable factors 
such as diastolic filling and ventricular ejec- 
tion time and are not necessarily peculiar to 
myocardial infarction. On the other hand, 
certain complications that may occur as the 
result of myocardial infarction and certain 
conditions that may simulate myocardial in- 
faretion may produce auscultatory findings 
that are of definite diagnostic and prognostic 
significance. 


Summario in Interlingua 


Es presentate un breve revista del constatationes 
auscultatori in infarcimento myocardial acute e morbo 
cardiae arteriosclerosis. Es signalate que il existe 
nulle constatationes auscultatori que es equal in lor 
efficacia diagnostic al electrocardiogramma in casos 
de acute infarcimento myocardial. Le signos que es 
notate in le auscultation es probabilemente le resulta- 
to de varie factores, como replenamento diastolic e 
tempore de ejection ventricular, e non es necessari- 
mente peculiar a infarcimento myocardial. Del altere 
latere, certe complicationes que pote occurrer como 
le resultato de infareimento myocardial e de certe 
conditiones capace a simular infarcimento myocardial. 
produce in certe casos constatationes auscultatori que 
es definitemente de signification diagnostic e prog- 
nostic. 
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Diet and Coronary Artery Disease 
By Rosert E. Ouson, Px.D., M.D. 


THEROSCLEROSIS of the coronary ar- 
/&tery is currently the leading cause of 
ceath in the United States and in many west- 
ern countries. It is remarkable that a disease 
that was not recognized clinically before 1912 
could have in half a century come from this 
relative obscurity to the commonest cause of 
death in middle-aged and elderly persons. Al- 
though its exact etiology is far from settled, 
intensive study over the past three decades 
has pointed increasingly to nutritional factors 
as playing a prominent role. 

The concept of any disease arising from a 
single cause is obsolete and misleading. On 
the contrary, as Gordon pointed out, ‘‘To 
recognize a disease as the resultant of ecologic 
forees within the dynamic system made up of 
agent, host, and environment may often clar- 
ify our concepts of that disease.’’? Athero- 
sclerosis is undoubtedly a disease of multiple 
causation, which appears to have so many de- 
terminants that they tend to defy orderly 
classification under titles of agent, host, and 
environment. It is certain that atheroma 
arises within the host as the result of a com- 
plex interaction between host and environ- 
ment. Instead of arising in the environment 
and constituting an independent variable 
such as the agents of infection, allergy, poison- 
ing, addiction, or vitamin deficiency disease, 
the agent of atherosclerosis is an endogenous 
and dependent variable. Since this agent 
wvises within the host, it obscures the usual 
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distinction that is made between agent and 
host response. 

Nevertheless, it seems to me that it is im- 
portant to postulate an agent, if possible, for 
this disease, in order to formulate concepts 
useful for further research on pathogenesis 
as well as prevention and control. Groups of 
host factors definitely involved in the patho- 
genesis of atherosclerosis may be grouped 
into (a) humoral and (b) local factors. The 
humoral factors include the lipoproteins of 
plasma, the heparinoid substances involved in 
clearing of lipid from the blood, and pos- 
sibly other plasma proteins concerned with 
coagulation. The last group of proteins may 
have more to do with the pathogenesis of 
thrombosis than with atheroma itself. Under 
local factors, i.e., those promoting atherogene- 
sis as a result of influencing the condition and 
function of the artery itself, one can identify 
(a) hemodynamie factors relating to blood 
flow, turbulence, and pressure; (b) metabolic 
factors intrinsic in the arterial tissue; (c) 
structural factors relating to differentiation 
of intima, internal elastic membrane, and 
other components of the arterial wall; and 
(d) traumatic factors relating to injury, ul- 
ceration, and repair. Environmental factors 
known to influence one or more of these con- 
ditions within the host include such variables 
as diet, drugs, exercise, occupation, culture, 
and climate. Factors intrinsic to the host that 
may also modify the humoral and local fac- 
tors leading to atherogenesis include genetic 
constitution, age, sex, endocrine balance, and 
psychic state. The problem centers about the 
sorting of this welter of factors into more 
conventional packages labeled agent, host, and 
environment. 

Do we have sufficient evidence to name the 
agent of atherosclerosis? If we do, it seems 
useless to continue to visualize the pathogene- 
sis of this illness as being the random com- 
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bination of a large variety of endogenous and 
exogenous factors. In a system of multiple 
etiology, the agent is only one cause. It must, 
however, be an essential cause. It would be 
impossible, for example, to visualize the oc- 
currence of tuberculosis in the absence of the 
tubercle bacillus, although easy to visualize 
its nonoceurrence in the presence of the ba- 
cillus. Thus, the agent must be an essential, 
though not necessarily a sufficient cause. The 
agent for atherosclerosis is unique only in 
the sense that it arises within the host and 
becomes a threat to the host as a part of his 
internal instead of external environment. In 
my opinion the evidence is at hand to name 
the B-lipoproteins as the agent for atheroscle- 
rosis, and this view may be defended accord- 
ing to Koch’s postulates.* 

The dose of an agent may or may not be 
the determining factor for disease causation. 
In man on an abundant diet the £-lipoprotein 
concentration may be a less important vari- 
able in causing overt disease in given individ- 
uals than hypertension, tortuosity of vessels, 
or hereditary predisposition to the degenera- 
tion of vascular connective tissue. 

If one accepts this evidence in favor of the 
view that the plasma £-lipoproteins can be 
considered the agent for atherosclerosis, all 
other factors known to be involved may be 
viewed to determine whether they influence 
the concentration of the agent in the plasma 
or whether they influence the reactivity of 
the arterial wall to the agent. Host and envir- 
onmental factors may then be grouped ac- 
cording to the following epidemiologic tri- 
angle (fig. 1). 

Since the B-lipoproteins are known to be 
synthesized in the liver,® this organ can be 
regarded as the source of the agent. 

An understanding of the pathogenesis of a 
given disease is essential to its successful pre- 
vention. An ecologic view is important in de- 
termining a strategy of attack upon the 
causes. In coronary artery disease there is 
little doubt that hypercholesteremia (as a 
sign of hyper-8-lipoproteinemia) and hyper- 
tension®* are contributory factors. There is 
a considerable controversy about the role of 
obesity.*-!! Since both hypercholesteremia and 
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obesity may result from overnutrition, the 
possibi'ity of a dietary approach to preven- 


tion of atherosclerosis must be carefully eval- 
uated. 
The evidence supporting a relationship be- 


tween diet and coronary artery disease rests 
upon 3 pillars. These are (1) epidemiologic 
studies of populations differing widely in dis- 
ease prevalence and correspondingly in nutri- 
tional, socioeconomic, cultural, and other en 
vironmental status; (2) clinical investigations 
of small groups of subjects fed carefully con 
trolled diets under the conditions of the met 
abolic ward; and (3) laboratory investiga 
tions of the effect of various purified diets 
upon serum cholesterol, B-lipoproteins, an: 
atheromatosis in a variety of experiment 
animals. This evidence is summarized belo 
under these headings: 


Epidemiologic Studies 

Many studies of diet in relation to morta! 
ity for degenerative heart disease! !* hav 
shown that populations that have high rate 
of coronary artery disease have high mea 
serum cholesterol and £-lipoprotein concen 
trations and eat diets rich in animal proteil 
fat, and calories. This seems to be a real ass 
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ition despite differences in diagnoses and 

porting in various parts of the world. Yeru- 

almy and Hilleboe’* and Yudkin’ have 

‘esented data suggesting a stronger associa- 

m between dietary animal protein intake 

id mortality from coronary heart disease 

an between dietary fat intake and that mor- 

lity. The association between animal protein 
take and mortality for coronary disease may 

part reflect the association of relatively 
turated fat with most animal protein!® as 

‘ll as a possible ‘‘protective’’ effect of ani- 

il protein-lack at the low end of the scale.'* 

relative lack of association of dietary fat 
i:take with coronary morbidity and mortality 
appears at high levels of fat intake. Bronte- 
Siewart!® has shown, however, that if one 
piots the hard fat :liquid fat ratio (as a crude 
index of relative saturation) against coronary 
mortality in men 55 to 59 years of age for 
countries consuming between 100 and 140 Gm. 
o! fat per capita per day, a remarkable paral- 
lelism emerges. 

Study of populations living with contrast- 
ig dietary patterns in the same community 
las shown that dietary pattern correlates 
closer with serum cholesterol level and inci- 
dence of coronary artery disease than any 
other environmental variable. The study of 
svonte-Stewart, Keys, and Brock!® of the 
Bantu, Cape colored, and Europeans living in 
Capetown, South Africa, is now well known. 
‘oor et al.2° have made similar observations 
ou the mixed population of Israel. Gupta, 
Iver, and Nath?! have found that patients 
ith coronary artery disease in New Delhi 
hive significantly higher serum cholesterol 
| vels than healthy urban Indians matched 
for age and occupation. Groen 7° has noted 
tat Trappist monks, who are strict vege- 
| rians, have lower serum cholesterol than 
| nedictine monks, who eat a more varied 
© et. Keys and associates**: 24 have shown that 
» ipanese living in Japan, Hawaii, and Los 

ugeles have serum f-lipoprotein cholesterol 

lues and coronary mortality in proportion 
their intake of fat calories, which were re- 
ectively, 13, 32, and 40 per cent. Studies in 
inland®> have revealed a high mortality and 
orbidity rate from coronary artery disease 
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in that country, a high mean serum cholesterol 
(260 mg. per cent), and a diet with 35 per 
cent of calories from fat, most of which is 
saturated. 

Coronary artery disease appears to corre- 
late better with serum £-lipoprotein concen- 
trations and dietary fat intake than other 
forms of atherosclerosis, suggesting that the 
coronary vessels are particularly prone to 
atherogenesis under conditions favored by 
overnutrition and possibly other factors. 


Clinical Investigation 

No hypothesis supported solely by associa- 
tions developed in epidemiologic studies is on 
firm ground. Confirmatory evidence developed 
in small groups of intensively studied human 
subjects is essential for the support of such 
hypotheses. In addition, such clinical inves- 
tigations enable the investigator to control 
with better precision a variety of variables 
and emerge with more specific knowledge of 
etiologic factors, control of which is impos- 
sible in the field.26 ?* The general hypothesis 
developed from field studies is: 
Diet ——» serum B-lipoproteins (serum cholesterol) 

$$ coronary disease rate 
The first part of this hypothesis, developed 
in the field, has been subjected to study on the 
metabolic ward. In more specific form, this 
hypothesis is: 
(1) 


A Diet——_—oe i, A serum B-lipoproteins 
Metabolic ward studies 


(2) 

——— ye A coronary disease rate 
Controlled population study 

Examination of the second part of this re- 
lationship will require additional study of 
part one, particularly a study of the p:acti- 
cality of achieving dietary control away from 
the metabolic ward. Then, a specially designed 
field study involving relatively large numbers 
of middle-aged men will have to be carried out 
to determine if any change in clinical mor- 
bidity follows alteration in serum cholesterol 
and f-lipoproteins by dietary means. 


Studies of Diet 
Effects of diet on serum cholesterol and B- 
lipoproteins are discussed under (a) calories, 
(b) fat, (¢) protein, (d) other factors. In a 
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consideration of the effects of variation of the 
major constituents of the diet (calories, fat, 
protein, and carbohydrate) upon the concen- 
tration of plasma f-lipoprotein, it is impor- 
tant to remember that variation of one of 
these variables causes a change in at least one 
other. In view of the extent to which given 
foods vary in their total nutrient content, 
variation in diet sufficient to cause a varia- 
tion in the intake of a major constituent will 
usually cause a change of several dietary va- 
riables. Further, in epidemiologic studies in 
which comparisons of dietaries are made it is 
virtually impossible to obtain ‘‘paired’’ pop- 
ulations subsisting on diets differing in only 
two of the many possible dietary variables. 
Hence attempts to interpret the effect of 
changes in dietary composition upon the con- 
centration of plasma lipoproteins in man must 
be reserved for well-controlled laboratory 
studies. 

In the ensuing section the effect of varia- 
tion of calories, fat, protein, and other dietary 
factors upon postabsorptive plasma choles- 
terol, and £-lipoprotein levels are discussed. In 
any discussion of dietary variation (A4diet), 
a statement regarding the baseline from which 
the variation is to be measured is essential. 
Although arbitrary, the baseline from which 
the changes will be computed on this paper 
is the ‘‘average American diet’’ containing 
calories to maintain weight (regardless of the 
weight of the individual) and a distribution 
of nutrients as per cent of calories as follows: 
(protein 15 per cent; fat 40 per cent; and 
carbohydrate 45 per cent; summarized P 15, 
F 40, C 45). This method of expressing nutri- 
ent intake of course is not complete. The spe- 
cific amino acid pattern of the protein, the 
specific fatty acid pattern of the fat, and the 
specific combination of sugars and polysac- 
charides must also be defined for complete 
information. 


A. Calories 

In starvation the body depends mainly upon 
fatty acids as the source of energy. Trigly- 
ceride stored in the adipose depots provides 
these fatty acids, since lipogenesis in adipose 
tissue and liver ceases under these conditions. 
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Fatty acids are transported from the depo's 
to various organs in the form of nonesterific:| 
fatty acids,?* and this flow of substrate ca. 
account for the total energy expenditure b- 
the fasting man. Most observers agree thi: 
there is a small but an undramatic increa: : 
in £-lipoprotein concentration in human su 
jects fasted for periods in excess of 2 day 
of the order of 20 per cent with a lesser in - 
crease in serum cholesterol, since about ha!* 
the increase is in the very low density pri - 
tein. 

The feeding of insufficient calories for 
maintenance of body weight (reducing diets 
in man appears to have somewhat different 
effects upon the level of plasma lipoproteins 
than in complete starvation even though mo 
bilization of depot fat also occurs in this sii 
uation. In Keys’ study of semistarved norma! 
young men, it was found that subsistence on 
diets containing half the calorie requirement 
resulted in slight but significant fall in aver- 
age total serum cholesterol from 169 to 151 
mg. per cent.?® Walker et al.*° found a slight 
decrease, 14 mg. per cent of serum cholesterol 
in middle-aged obese subjects offered a 1,000- 
calories diet containing 50 Gm. of fat over a 
4-month period. Olson*! noted no permanent 
change in the serum cholesterol concentration 
of 61 obese men and women losing an average 
of 20 pounds over a 1-year period after these 
individuals had attained caloric equilibrium 
at a new and lower weight. Most of these pa- 
tients did have transitory decreases during 
the period of rapid weight loss but these were 
not sustained. It would appear that weight 
reduction per se and hypocalorie diets ap 
proaching the original ad libitum fare in the 
distribution of major nutrients causes little 
or no change in £-lipoprotein configuration 
of serum after attainment of the new and 
lower weight. More marked changes can occur 
during the early phases of negative caloric 
balance. These decreases are primarily in the 
triglyceride-rich low-density fractions of the 
B-lipoprotein spectrum. 

B. Dietary Fat 

The simplest variation in dietary fat is a 

variation of fatty acid composition of the fat 
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without a change in the total fat intake. In 
9;2, Groen and associates*? observed that 
,etarians had considerably lower serum 
lesterol values than nonvegetarians. This 
‘et was independent of the level of total 
fat ingested. Independently in the same year, 
‘iusell et al.*% observed that the isocaloric 
stitution of vegetable oil for animal fat 
the diet of patients on measured dietary 
intakes dramatically reduced the serum cho- 
lesierol and phospholipids concentrations. 
These observations were further extended and 
coufirmed by the elegant studies of Ahrens 
and his collaborators,** *° employing a for- 
mula by which a variety of fats at a con- 
stant level (P 15, F 40, C 45) were fed to 
subjects on a metabolic unit for periods up 
to 3 years. These and other studies***° estab- 
lished beyond question that isocalorice substi- 
tution of unsaturated vegetable oils for animal 
fats and saturated vegetable fats in the diet 
of man resulted in the fall of serum cholesterol 
and other lipids of the order of 20 per cent. 
It is now clear that the terms ‘‘animal’’ 
and ‘‘vegetable’’ do not distinguish between 
fats that raise and lower serum lipids. Both 
butter and coconut oil raise serum cholesterol, 
whereas both corn oil and whale oil lower it.* 
Furthermore, the terms ‘‘saturated’’ and 
‘““unsaturated’’ are not suitably descriptive 
of opposites, since neither all saturated fatty 
acids nor all unsaturated fatty acids are 
identical in their effects upon serum choles- 
terol in man.!* 41; 42 The dietary fats contain- 
iny saturated fatty acids in the range of Cg to 
C,, appear to cause more hypercholesteremia 
then saturated fatty acids in the range Ci. 
to Coo.35 #8 On the other hand, monoethenoid 
fa'ty acids such as oleic are not so potent in 
in‘ueing hypocholesteremia as linoleic, lino- 
‘ie, arachidonic, and the highly unsatu- 
‘d fatty acids of fish oils.*® 44 45 Finally, 
terms ‘‘nonessential’’ and ‘‘essential’’ do 
distinguish the serum cholesterol-altering 
acities of the various polyunsaturated 

y acids. Both linoleic acid,** which is es- 

» tial for preventing dermal signs and pre- 
: ving efficiency of food utilization in rats*® 
| infants,47 and linolenic acid,* which is 
‘essential, have potent hypocholesteremic 
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properties. Furthermore, the fish oils contain 
a large variety of polyunsaturated fatty acids 
that are nonessential and share the 3, 6, 9 tri- 
ene moiety (counting from the methyl end) 
with linolenic acid, and are potent in lower- 
ing serum cholesterol in man.*® 48 

The precise mechanism by which polyun- 
saturated dietary fat lowers B-lipoprotein and 
cholesterol concentrations in the serum is not 
completely elucidated at this time although 
a variety of studies suggest that the polyun- 
saturated fatty acids promote the elimination 
of free cholesterol (which is in equilibrium 
with plasma free and ester cholesterol) from 
the liver as neutral sterol and bile acids.*®*! 

A reduction in the level of relatively sat- 
urated fat in the diet from 40 to 10 per cent 
of total calories without changing its fatty 
acid composition at a constant protein intake 
results in a decrease in the total serum cho- 
lesterol, phospholipid, and S¢o-s2 lipoproteins 
and an increase in total triglycerides and 
Sti2-400 lipoproteins. In normal cholesteremic 
men the decrease in serum cholesterol and 
phospholipid is about 15 per cent and the 
inerease in triglycerides is about 50 per cent. 
The net change in total £-lipoproteins is nil 
although there is a change in the distribution 
of lipoproteins of various densities as indi- 
cated. In epidemiologic studies of various 
populations,”* the plot of mean plasma choles- 
terol content versus per cent of total calories 
from a dietary fat, gives a slope that is twice 
as great as a plot slope of the same line ob- 
tained in the study of well-controlled patients 
in the United States.5* It seems likely that 
factors other than the dietary fat level are 
operating in the populations studied epidemi- 
ologically. Low-fat diets reduce the fecal neu- 
tral sterol excretion.** Varying the content of 
saturated dietary fat has no effect upon the 
bile acid output, and it appears that reduced 
hepatic synthesis of cholesterol may be the 
primary cause of the reduction of S¢o-12 lipo- 
proteins and of serum cholesterol in human 
subjects on low-fat diets. 


C. Protein 
Description of diets in terms of protein 
content alone is inadequate and should include 
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a statement of the distribution of the essential 
and nonessential amino acids in that protein. 
Of the 20 amino acids in the common dietary 
proteins, 8—methionine, valine, tryptophane, 
leucine, isoleucine, lysine, phenylalanine, and 
threonine—are required by adult human be- 
ings in specified amounts, and, in addition, 
histidine is required by infants. In general, 
animal proteins contain amino acids in pro- 
portions resembling those found in the tissues 
of man, and henee have a higher biologie value 
for man than vegetable proteins, which may 
not resemble animal tissues in amino acid 
composition. Some vegetable proteins are ac- 
tually deficient in certain essential amino 
acids such as methionine, isoleucine, lysine, 
tryptophane, and threonine. For these reasons 
populations living on an exclusively vegetable 
protein diet are more likely to be marginal 
in amino acid nutrition than populations sub- 
sisting mainly on animal proteins. The re- 
quirement for protein of high biologic value 
by adult humans has been estimated to be 
from 0.4 to 0.5 Gm. per Kg. of body weight.*' 
At energy expenditures associated with seden- 
tary activity this represents about 5 per cent 
of the calories. No population studied thus far 
has been found to subsist on such a meager 
intake although populations living exclusively 
on vegetable protein have developed protein 
deficiencies on intakes representing twice this 
or 10 per cent of calories. The generous rec- 
ommendation of the National Research Coun- 
cil of 1 Gm. per Kg. per day of good quality 
protein for adults represents only 11 per cent 
of calories at a sedentary level of activity. 
Qur understanding of the effects of a re- 
duced level of dietary protein from 15 to 4 
per cent of calories is considerably less specific 
and complete than the effects of alteration of 
dietary fat over the same proportional range 
in man. Kempner and others: °® observed 
marked hypocholesteremia in patients fed the 
rice diet, which is low in protein (25 Gm.) and 
fat (5 Gm.). Since this effect upon serum cho- 
lesterol was out of proportion to the effects 
observed in subjects fed diets low in fat but 
replete with protein, Olson et al.'? undertook 
a series of studies to determine the effect of 
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low-protein diets upon the serum choleste) 9] 
and B-lipoproteins in man. Middle-aged hum 
subjects were fed a control ration containi 
100 Gm. of protein, 80 Gm. of relatively s 
urated fat, and 320 Gm. of carbohydrate 
16, F 30, C 54) for periods of 1 to 4 wee) 
Isocaloric substitution of carbohydrate for 
Gm. of protein yielding a diet containing ! 
Gm. of protein (P 4, F 30, C 66) resulted a 
an average fall in serum cholesterol 44 + 4 
me. per cent (15 per cent) over a 1- to 4-we k 
period. The fall was sustained as long as __ 0) 
weeks. All of the essential amino acids exce \t 
methionine were supplied by the 25 Gm. =f 
vegetable protein in amounts meeting Rose s 
tentative minimum requirements® although 
these may be low when several amino aciis 
are at borderline levels. The fatty acid pa'- 
tern was kept constant, and fiber was kept in 
the range of 5 to 7 Gm. per day in both diets. 
Serum £f-lipoproteins of the Sos class de- 
creased about 25 per cent, with lesser changes 
in the lower density groups S¢y2-400. 

Furman, Howard, and Norcia®*® have also 
recently reported that isocaloric substitution 
of carbohydrate for all the protein in formula 
diets fed to adult men caused a marked de- 
crease in serum cholesterol and £-lipoproteins. 
These workers noted further that this effect 
was in addition to the effect of polyunsatu- 
rated fats, since the basal formula employed 
used corn oil furnishing 40 per cent of cal- 
ories. 

Severe protein malnutrition in infants 
characterized by weakness, weight loss, was'- 
ing, edema, hypoalbuminemia, hepatomegaly, 
gastrointestinal mucosal atrophy, and negz- 
tive nitrogen balance is known as kwashiorkor. 
This appears to be a multiple amino acid de- 
ficiency, a disease in which one or more ami) 
acids may be limiting. In this disease th» 
serum lipids are low (cholesterol — 80 my. 
per hundred ml. or less and both a- and ; - 
lipoproteins are decreased).°**! The hyp: - 
cholesteremia of the child with kwashiork« * 
responds promptly to the feeding of fat-fri- 
milk proteins and suggests strongly that di - 
tary fat is not the critical nutrient related |») 
this hypocholesteremia. In fact, it suppor’; 
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th view that serum lipoproteins are not elab- 
or: ed by the human at normal rates in the 
pr sence of protein deficiency. 
ebrell and co-workers®? have found in a 
| ritional survey in Haiti that marked hypo- 
lesteremia was seen in a population sub- 
ing on a diet deficient in protein but mod- 
e in fat (P 9, F 21, C 70). 
t appears from both these field and clin- 
investigations that animal protein intake 
y become limiting for formation of B-lipo- 
tein and that in conditions of protein de- 
ney the serum cholesterol may be de- 
ssed on this basis alone. 
Other Dietary Factors 
ietary carbohydrate appears to exert an 
iniiuence upon lipoprotein concentrations in 
two ways. The first is by providing glucose 
for absorption and metabolism by tissues con- 
cerned with lipid storage and transport. The 
second is by modifying the bacterial flora of 
the gastrointestinal! tract, thereby altering the 
bacterial metabolism of sterols and bile acids. 
The first effect varies reciprocally with the 
level of dietary fat or protein or both, and 
has been discussed in relationship to the va- 
riations of these nutrients in previous sec- 
tions. In general, low-carbohydrate intakes 
are associated with the reduction of serum 
triglycerides and low-density Sy12-499 lipo- 
proteins and high-carbohydrate intakes are 
associated with an elevation of triglycerides 
an low-density B-lipoproteins. The second 
effect relates to the diversion of metabolites 
of chotesterol from the enterohepatie cireu- 
lation by oxidations carried on by intestinal 
mi-roorganisms. This subject has recently 
ben reviewed by Portman and Stare.** 
ividence that the intake of vitamins and 
erals within the ranges encountered in 
ulations influences the concentration of 
‘tm lipoproteins is not impressive. Two 
veys by the Interdepartmental Committee 
Nutrition of National Defense®* ® failed 
how any relationship between specific vit- 
n deficiency and serum cholesterol. Cer- 
| pharmacologic effects of niacin have been 
orted that are not in this province of dis- 
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cussion. Niacin in doses of 1 to 6 Gm. causes 
a significant hypocholesteremic effect in 
man**: 6&7 and the corresponding large excre- 
tion of nicotinurie acid.** It has been sug- 
gested that the mechanism of this effect might 
be via the diversion of coenzyme-A from cho- 
lesterol biosynthesis to the CoA-dependent 
glycine conjugation of nicotinic acid to yield 
nicotinuric acid.®® Further evidence is needed 
to support this interesting hypothesis. 


Laboratory Investigation 

The study of atherosclerosis in experimen- 
tal animals has both aided and hindered the 
development of accurate concepts regarding 
the role of various etiologic factors in human 
atherosclerosis. Species variation in responses 
of animals to a variety of experimental pro- 
cedures has become evident to most investi- 
gators. The evaluation of the enormous bulk 
of experimental data and particularly its 
relevance to the human problem can be sim- 
plified, in my opinion, by looking at the prob- 
lem of pathogenesis in animals in the light of 
a 2-step reaction as in the case of man, viz. 
(1) effect of variations in diet and metabolic 
status upon serum cholesterol and £-lipopro- 
tein concentration, and (2) the effect of in- 
creased £-lipoprotein concentrations upon the 
condition of arterial vessels. 

In 1913 Anitschkow™ observed that the 
feeding of a diet rich in cholesterol to rabbits 
resulted in experimental atheromatosis. Since 
that time innumerable experimental animals 
have been used to study the problem. It has 
been discovered, however, that not all animals 
react with hypercholesteremia to cholesterol 
feeding. In fact most common laboratory ani- 
mals (rat, mouse, dog, cat) unlike rabbit and 
chick but, like man, resist hypercholesteremia 
when simply fed cholesterol; other measures 
must be employed to alter metabolism in or- 
der to obtain elevated serum cholesterol and 
8-lipoprotein values. Thyroid ablation (chem- 
ical or surgical) or cholic acid feeding (which 
increases cholesterol absorption and retards 
the conversion of cholesterol to cholic acid) 
must be added to the cholesterol feeding regi- 
men in order to obtain appreciable hypercho- 
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lesteremia. Once hypercholesteremia of sizable 
magnitude is obtained, however, de novo 
atheromatosis occurs in all species examined. 
The problem, therefore, is overcoming the 
control mechanisms that guard the serum cho- 
lesterol concentration. Once this is done the 
problem may be studied in the experimental 
animal. Even myocardial infarction has been 
produced in the rat with massive hypercho- 
lesteremia.”! 

The role of specific dietary fats in the con- 
trol of hypercholesteremia in animals is also 
somewhat different from that in man. In rat, 
dog, chick, and rabbit the feeding of large 
amounts of polyunsaturated fat in the absence 
of dietary cholesterol exerts no appreciable 
effect upon the serum cholesterol level; in the 
presence of cholesterol the effects are not iden- 
tical to those observed in man.7? 


In general, animal experimentation sup- 
ports the basic hypothesis previously alluded 
to. First, diet can influence the serum choles- 
terol and £-lipoprotein concentration in ex- 
perimental animals. Second, when the f-lipo- 


protein is high enough, atherosclerosis will 
develop in a previously normal artery. 

From the total of epidemiologic, clinical, 
and experimental data, it appears that one 
must aecept the fact that diet plays a role in 
human atherosclerosis. It is certainly not the 
only factor, and in many cases it may be a 
minor factor. Furthermore, it must be remem- 
bered that clinical disease associated with 
atherosclerosis is a complication of the basic 
process in which other factors that may pre- 
eipitate thrombosis play an important part. 
The problem of studying this disease in man, 
therefore, is made difficult by the multiple 
etiology of atherogenesis plus the multiple 
etiology of thrombosis. These difficulties, how- 
ever, should not obscure our vision to the 
facts that have emerged regarding the role of 
diet in atherogenesis. 

With this information about dietary fac- 
tors in mind, is it possible to elaborate a prac- 
tical program of preveitive medicine against 
atherosclerosis at this time? Although our 
knowledge of all the factors operating in the 
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process of atherogenesis is incomplete, our 
understanding of some of the factors is ad- 
vancing in an encouraging way. Although it 
is not possible to eradicate the agent (plasiia 
B-lipoproteins) of this disease, it is possil le 
through appropriate diet therapy to modi y 
the concentration. It remains to be shown, \s 
indicated above, that when f-lipoprotein co 1- 
centrations of a large number of persons li ’- 
ing under conditions of western culture ave 
lowered through appropriate diet therapy, 
this change will modify their morbidity and 
mortality from clinical coronary disease. 
Nevertheless, the evidence is convinciig 
enough at this time, in my opinion, to advise 
patients with coronary proneness as evidenerd 
by a positive family history and elevated cou- 
centration of cholesterol or a disease such as 
diabetes or hypertension, to follow appropri- 
ate diet therapy in the hope that lower serum 
cholesterol values will improve the prognosis. 

The probability of materially influencing 
the course of coronary artery disease after the 
occurrence of myocardial infarction is, in my 
opinion, somewhat less. Nevertheless, clinical 
judgment must be utilized in recommending 
diet therapy to such patients in the hope of 
reducing the rate of recurrence. The studies 
of Morrison™* are suggestive although not 
conclusive that indeed this might be the ease. 


Summario in Interlingua 

Es postulate que un factor particular pote esser 
designate como le agente de un morbo si il es possibile 
demonstrar que illo representa un causa _ essential 
(ben que non necessarimente sufficiente) del morbo 
in question. Le autor presenta su conviction que in 
iste senso le lipoproteinas beta pote esser considerate 
como le agente de atherosclerosis. Sub iste assertion 
ille trova possibile classificar le componentes del sys- 
tema dynamic del multiple causation de atherosclero- 
sis in duo columnas. In le columna de elementos 
associate con le hospite (i.e. le patiente) ille lista !e 
etate, le function del hepate, le reactivitate arteri:|, 
le stato hemodynamic, le stato endocrin, e le sta‘o 
psychic. In le columna de elementos ambiental, diet«, 
drogas, exercitio, occupation, cultura, e stress °s 
listate. 

Le evidentia supportante un relation inter die a 
e morbo de arteria coronari es revistate in tres part: 3. 
Istos es: (1) Un diseussion de studios epidemiologic 
de populationes a mareate differentias in le prev'- 
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Jlen'ia del morbo e correspondentemente in lor stato 
nut itional, socio-economic, cultural, e alteremente 
amiental. (2) Un diseussion de investigationes clinic 
de niere gruppos de subjectos recipiente cautemente 
regiilate dietas sub le conditiones del sala metabolic 
de n hospital. E (3) le discussion de investigationes 
lab ratorial relative al effecto de varie purificate 
die as super le cholesterol seral, le lipoproteinas beta, 
genese de atheromatosis in diverse animales 
rimental, 
super le base de iste revista le autor conclude que 
s possibile modificar le concentration de lipopro- 
telus beta, reguardate como le agente de athero- 
sel. rosis, per le prescription de un appropriate the- 
rapa dietari—isto in despecto del facto que le mul- 
tiple aspeetos de linteressate campo causal es certo 
noi completemente clarificate. Le prova practice de 
iste prediction remane a obtener e etiam le prova que 
le reduetion del lipoproteinas beta in un considerabile 
seginento del population resulta in un correspondente 
reduction del mortalitate per morbos del arteria coro- 
nari. 
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Hormones, Cholesterol, and Coronary Atherosclerosis 


By Gerorce S. Kuruanp, M.D., anp A. STONE FREEDBERG, M.D. 


ECENT monographs and a rapidly ex- 

panding literature’* indicate the inter- 
est and large amount of experimental work 
on the effects of hormones on lipid metabolism 
and atherosclerosis. The present paper re- 
views some of these data not with the purpose 
of dealing exhaustively with the available in- 
formation but rather to provide the reader 
with a digestible summary. 


The Thyroid Gland 

Myxedema is frequently cited as a condi- 
tion demonstrating a relation between hor- 
monally induced hypercholesteremia and 
atherosclerosis. Since this presumed relation 
has been one of the strongest pillars in the 
hypercholesteremia theory of atherogenesis, 
the evidence requires careful evaluation. 

A wealth of clinical and human experimen- 
tal observation indicates a potent influence 
of the thyroid gland on the metabolism of 
cholesterol and other lipids. Blood cholesterol, 
serum phosphatides, and fatty acids are in- 
creased in myxedema.*:* In eretinous chil- 
dren, a high ratio of free to total serum cho- 
lesterol has been deseribed.* In adults with 
myxedema, however, normal or increased 
ester :total cholesterol ratio occurs. The rise 
in serum cholesterol is greater than that of 
phospholipid, and the cholestero! :phospho- 
lipid ratio is increased. An increase of low- 
density (beta) lipoproteins, both in sponta- 
neous and in induced myxedema, is largely 
in the Sf 0-12 moiety but is found also in 
fractions Sf 12-400; all of the abnormalities 
are reversed by the administration of desic- 
cated thyroid.® 1° The lipoprotein abnormality 
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may be reversed with very small doses of « 
iceated thyroid (15 to 30 mg.).™ 

Similar findings are reported in most : ui- 
mal studies: hypercholesteremia accompai ies 
decreased thyroid function whether this re- 
sults from surgical extirpation,!? I'*! racia- 
tion,!*® or thiourea administration.'* The  o- 
mestic pig is a notable exception. ‘he 
mechanism of the hypercholesteremia as 
been explained by studies in animals «nd 
man.'©!8 Jn hyperthyreidism, the serum c\io- 
lesterol falls in the face of increased choies- 
terol synthesis, due to increased bile acid ex- 
cretion (particularly chenodesoxycholic acid). 
Conversely, in hypothyroidism, cholesterol 
synthesis is depressed, but bile acid excretion 
is also decreased ; there is a slow turnover of 
the serum cholesterol, which is elevated ap- 
parently because excretion is depressed more 
than synthesis. Despite the changes in serum 
cholesterol, available evidence indicates that 
there is no change in the total body pool of 
cholesterol in myxedema. 

Does myxedema lead to atherosclerosis and 
is there a relation of the alterations of lipid 
metabolism in myxedema to atherosclerosis? 
The evidence is derived from studies of pa- 
tients with untreated myxedema and eretinism 
and from studies in experimentally induced 
hypothyroidism in animals. Since the peak 
incidence of myxedema occurs at a time when 
spontaneous atherosclerosis is common, stud- 
ies attributing atherosclerosis to adult myxe- 
dema must be interpreted with caution. More- 
over, some of the cases repeatedly cited as evi- 
dence for a relation of myxedema to athero- 
sclerosis have been complicated by hyperten- 
sion and renal disease, conditions which 
themselves predispose to atherosclerosis.’ Of 
interest in this regard is the classic repor: of 
the Committee of the Clinical Society of I.on- 
don based on an extensive investigation of the 
subject of myxedema.”° It noted that ‘‘arte- 
rial degeneration, indeed, does not appea ’ to 
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exist to any unusual extent, at any rate in 
the larger vessels.’’ Relevant also are our 
ow: studies in adults with rheumatic heart 
dis: ase and severe congestive failure in whom 
the apeutie total thyroidectomy was carried 
out 7! None of the 8 cases studied by us 
sho ved significant coronary atherosclerosis 1 
to |3 years after surgical induction of hypo- 
thy oidism and its consequent elevated serum 
cho .esterol. Subsequently, careful study with 
the injection-dissection technic has been made 
of the hearts of 2 additional patients aged 33 
and 45 with multivalvular rheumatic heart 
disease and chronic congestive heart failure 
in whom myxedema was induced with I?*!, 
Again, despite clear hypothyroidism with ele- 
vated serum cholesterol for 1 to 4 years, no 
complete occlusions or significant coronary 
narrowing was found. It should be noted, 
however, that these patients received doses 
(15 to 30 mg.) of desiccated thyroid, which 
have been shown to alter serum lipoprotein 
patterns. These data do not disprove a role 
of cholesterol in the production of human 
coronary atherosclerosis. They do suggest that 
the relation of hypothyroidism to adult ath- 
erosclerosis requires further documentation. 

The finding of a high incidence of athero- 
sclerosis in young patients with hypothyroid- 
ism would offer more substantial support for 
a relation between these conditions. While 
clear cases have been reported of extensive 
atherosclerosis in eretins and patients with 
juvenile myxedema,”* such findings are by no 
means universal. There have also been re- 
ported youthful myxedematous subjects in 
Whom no atherosclerosis existed and, indeed, 
in whom arteries were described as ‘‘deli- 
cate.’’*8 Tt would be of great value to know 
wha: factors differentiate the fate of those 
Whose vessels were extensively involved and 
thos’ free of involvement. 

While the clinical evidence correlating myx- 
edenia, hypercholesteremia, and atheroscle- 
resis is conflicting, experimental evidence in 
anin als is more consistent. Thus, in rabbits, 
rats. cockerels, and dogs the combination of 
thy: sid depression (as by thiourea) and cho- 
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lesterol feeding has usually resulted in athero- 
sclerosis. Indeed, in resistant species, such as 
the rat and the dog, the addition of thiourea 
to cholesterol feeding is one of the few meth- 
ods leading to persistent hypercholesteremia 


‘and atherosclerosis.2* In cholesterol-fed cock- 


erels, hypothyroidism counteracts the ability 
of estrogens to inhibit coronary atherogene- 
sis.25 Conversely, thyroid feeding inhibits 
diet-induced hypercholesteremia and athero- 
sclerosis. Even these experimental data, how- 
ever, must be regarded with some reservations. 
Thus, in other studies, feeding thyroid hor- 
mones to chicks revealed a conspicuous limi- 
tation and inconsistency of its effect. At most 
hypercholesteremia and atherogenesis were 
only partially inhibited and in some experi- 
ments only minimal effects were noted, despite 
high dosage. Moreover, large doses of desic- 
eated thyroid inhibited the regression of 
atherosclerosis that occurs when cholesterol- 
fed chicks are returned to a plain mash diet. 
Furthermore, thiourea has been shown to pro- 
duce more extensive effects than mere thyroid 
depression; athyreotic thiouracil-treated rats 
have a higher serum cholesterol than athyre- 
otie controls and liver cholesterol in the 
former group was 50 per cent higher than in 
the controls.! Finally, while hypercholestere- 
mia in excess of 450 mg. per cent for 1 year 
appears requisite to atherogenesis, similar 
hypercholesteremia in I'*! treated dogs not 
fed cholesterol does not lead to atheroma for- 
mation.?® 

In summary, thyroid depression accom- 
panied by cholesterol feeding will result in 
marked hypercholesteremia for prolonged 
periods and atherogenesis in most species. 
However, mere reduction in thyroid function 
without cholesterol feeding, yielding only 
moderate elevation of serum cholesterol, is 
not a sufficient condition for consistent ath- 
erogenesis. Thus, the respective roles of 
hypothyroidism and hypercholesteremia in 
atherosclerosis remain to be clarified. 

The plasma lipid abnormalities that exist 
in the hypothyroid state are readily reversed 
by the administration of thyroid. Significant 
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depression of serum cholesterol, of the choles- 
terol phospholipid ratio, and of the beta-lipo- 
protein cholesterol can be noted even after 
small doses of thyroid that still leave a hypo- 
metabolic state. As a natural extension of this 
observation, efforts have been made to reduce 
the cholesterol of euthyroid persons with des- 
iecated thyroid. Unfortunately, large doses of 
up to 325 mg. of thyroid daily are required 
to produce a persistent reduction in elevated 
serum lipids.27 Such large doses of thyroid 
are not, however, suitable for administration 
to patients with coronary disease, euthyroid 
or hypothyroid, because they may increase 
metabolic requirements enough to reduce ex- 
ercise tolerance and provoke angina pectoris. 
Consequently, an intensive search has been 
made for a thyroxine derivative that would 
decrease plasma cholesterol without increas- 
ing total body (and particularly cardiac) 
metabolism. Early enthusiasm for the efficacy 
of Triae, the acetic acid analogue of tri- 
iodothyronine, waned when it was shown to 
precipitate angina pectoris and diminished 
exercise tolerance although total body meta- 
bolic rate remained unchanged.?* 2° More- 
over, the fall in plasma cholesterol produced 
by Triae in euthyroid hypercholesteremic men 
with coronary disease could not be maintained 
even with increased dosage. Other thyroactive 
agents that have been tried experimentally 
or clinically include the propionic and formic 
acid derivatives of thyroxine and triiodothy- 
ronine. In myxedematous patients and euthy- 
roid patients with hypercholesteremia, admin- 
istration of triiodothyropropionic acid in 
appropriate dosage reduced serum cholesterol 
up to 32 per cent with increase of basal 
metabolic rate of only 4 to 7 per cent.%® 3! 
Investigation of other compounds such as di- 
iodothyroacetic acid (DIAC), 33’5’ triiodo- 
thyronine, and its derivatives is still in the 
preliminary stages. Since the chief calorigenic 
activity of thyroxine exists in its l-isomer, it 
has been suggested that a hypocholesteremic 
effect without metabolic stimulation might be 
achieved by the use of the d-isomer. At pres- 
ent, d-thyroxine*? and d-triiodothyronine are 
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under active study. In appropriate dosz re, 
these agents have some hypocholestere: iic 
effect before elevation of total body metab ‘ic 
rate. A number of questions, however, rem. in 
to be answered with each: 1. In patients w th 
coronary artery disease, is there exacerbat on 
or precipitation of cardiac symptoms w th 
altered cardiac metabolism? 2. What is he 
degree of reduction of serum cholesterol «id 
does it persist? 3. In the event that a sa is- 
factory answer is found to the first 2 quos- 
tions, what influence does such a hypocho »s- 
teremic effect have on the natural history of 
atherosclerosis in man? 


Sex Hormones 

While some doubt exists concerning ‘he 
influence of altered thyroid state on athero- 
genesis in man, the evidence is more convi:ic- 
ing that the sex hormones play a role in the 
development of arteriosclerosis, particularly 
of the coronary arteries. There is a higher 
incidence of angina pectoris and acute myo- 
cardial infarction due to coronary disease in 
men than in women. The early studies of 
Schlesinger and Zoll®* showed a frequency of 
coronary occlusions in men six times that of 
women in the age group 40 to 59 and two 
times in the age group 60 to 79. A larger 
series of 1,011 consecutive hearts injected, 
dissected, and x-rayed according to the method 
of Schlesinger was analyzed by Wessler (per- 
sona! communication) with respect to the sex 
and age incidence of coronary artery disease. 
Approximately 50 per cent of this series had 
no symptoms referable to the heart, nor was 
heart disease the cause of death. The perc: 
age of men having complete occlusion of « 
or more major arteries was twice that 
women in the fourth, fifth, and sixth deca‘! 
but only a third greater in the seventh : 
eighth decades. An analysis of the incide 
of narrowing (where the cross-sectional lw 
of the major artery was reduced 50 to 75 
cent) similarly demonstrated a higher 
quency in men than in women up to the si 
decade. In the later decades, the incidenc: 
women was equal to that in men. 

Several studies have now shown that bi 
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er: | oophorectomy in the young woman in- 
crc aises the incidence and severity of coronary 
ar ory disease.3*37 Wuest et al. compared the 
de ree of coronary atherosclerosis in 49 hearts 
fron women bilaterally oophorectomized 2 to 
42 years before death to that in 1,200 hearts 
fr n men and women of comparable ages and 
fo. nd significantly more coronary sclerosis in 
the bilaterally oophorectomized woman than 
in -ontrol women, but less than in the control 
‘\. It is interesting that only a small per- 
age of the women had clinical evidence 
‘oronary artery disease. The small series 
not unusually weighted with hypertensive 
paiients nor was there any apparent relation 
iutrition to the degree of coronary athero- 

‘|-rosis. While no unusual increase in clinical 
incidence of diabetes mellitus was observed, 
the possibility cannot be completely excluded, 
sinve glucose tolerance tests were apparently 
not carried out. 

Rivin and Dimitroff** studied the arteries 
of patients who died from cancer, some of 
whom were treated with estrogens or were 
subjected to bilateral oophorectomy. They 
found inereased atherosclerosis in the eas- 
trated femate subjects and decreased coronary 
atherosclerosis in the men treated with estro- 
gen and in the women with hyperestrogenism. 
A recent study by Oliver and Boyd?* of 200 
women, who had had a unilateral oophorec- 
tomy or hysterectomy with bilateral oophorec- 
tony 20 years before, confirms the influence 
of bilateral oophorectomy on the development 
of coronary artery disease. Coronary artery 
liseise had developed in one quarter of the 
en who had bilateral oophorectomy and 
in oily 1 of 31 patients who had unilateral 
oop! 


Wol 


orectomy. An interesting current study 
in tve Bantu provides additional evidence in 
this regard.38 The Bantu has been shown to 
hav. a low incidence of death from coronary 
arte -y disease.®® There is no sex difference in 
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‘ity of arteriosclerosis or in mortality 
rat’ from vascular lesions. It has been ob- 
‘d that the male Bantu has a high estro- 
exeretion and a high incidence of gyne- 
stia and cirrhosis of the liver. Moreover, 
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in the Bantu, cholesterol levels are equal in 
both sexes and do not rise after the age of 
30 to 40. Although atherosclerosis is present 
and may be severe, acute coronary occlusion 
occurs infrequently. 

In western populations, serum cholesterol 
in the female is lower than in the male until 
the sixth decade when cholesterol levels be- 
come higher than those of the male.*° Bilateral 
oophorectomy results in an elevation of the 
serum cholesterol and of the cholesterol :phos- 
pholipid ratio. Robinson et al. also found an 
increase in serum lipids after bilateral 
oophorectomy in patients with overt coronary 
artery disease.*! 

With the exception of Engelberg and 
Glass,**: 43 many investigators have now found 
that estrogen administration results, in both 
men and women, in a decrease in serum cho- 
lestero!, a decreased cholesterol :phospholipid 
ratio, a decrease in the beta-lipoprotein cho- 
lesterol, and an increase in the alpha-lipopro- 
tein cholesterol.4*** The changes in serum 
cholesterol occur promptly, within 1 or 2 
weeks after relatively large doses of estrogen, 
and are sustained as long as therapy is ad- 
ministered.** *® As noted above, the phospho- 
lipid changes are more marked than the cho- 
lesterol changes. As with most agents, the 
cholesterol fall is greatest in those instances 
in which initial values are highest. Following 
cessation of therapy, there may be a rebound. 
Estrogens are also effective in reducing total 
and esterified cholesterol, phospholipids, tri- 
glycerides, and total lipids in idiopathic hy- 
perlipemias.®° 

The mechanism of the estrogen effect in 
decreasing the serum cholesterol has not been 
elucidated. In some species, estrogen decreases 
cholesterol biosynthesis, while in others, a 
stimulating effect is observed. It is known 
that estrogen increases thyroid activity and 
may result in an inereased serum protein- 
bound iodine. In pregnancy, however, there 
is an increase in serum cholesterol rather than 
a decrease. Another effect of estrogen is to 
stimulate reticuloendothelial activity,®! shown 
by Friedman, Byers, and Rosenman to have 
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a significant influence in clearing the blood 
of cholesterol.5? 

The protective effects of oral or parenteral 
estrogens in preventing coronary atheroma- 
tosis in cholesterol-fed cockerels has been 
demonstrated by Katz et al. Estrogens in- 
duced the following alterations: feminization, 
increase in the ratio of free to total plasma 
cholesterol (FC/TC), enhanced hyperphos- 
pholipemia with lowering of the ratio of 
plasma total cholesterol to lipid phosphorus 
(C/P) to normal levels, depression of alpha- 
lipoprotein levels, reduction of Sf 20 - 100 + 
levels, and prevention of coronary athero- 
genesis without influencing formation of 
aortic lesions.*: 25 Estrogen also reversed the 
coronary lesions induced by feeding choles- 
terol. Androgen prevented the feminization 
while not affecting the decreased cholesterol : 
phospholipid ratio induced by estrogens or 
altering the protection afforded the coronary 
arteries. 

There are striking species differences in the 
response of serum cholesterol to sex hormones. 
The female rat has a higher serum cholesterol 
than the male; cholesterol levels are higher 
in the pre-estrous to estrous phase and fall 
off thereafter.®* Testosterone lowers the serum 
cholesterol and other lipids in the female rat. 
In the male rat, estradiol stimulates choles- 
terol synthesis and increases serum choles- 
terol; conversely, testosterone lowers serum 
cholesterol. Oophorectomy decreases the cho- 
lesteremic response of cholesterol-fed rabbits 
and rats.°* Testosterone lowers serum choles- 
terol in female rabbits, whereas estrogen 
therapy of male and female rabbits fed cho- 
lesterol caused an exaggerated rise in serum 
cholesterol. 

In view of such species differences, caution 
must be exercised in the transfer of any of 
these results to man. The clinical usefulness 
of estrogen therapy is limited in man by side 
effects including gynecomastia, decreased 
libido, and weakness, with histologic evidence 
of testicular atrophy and _fibrosis.47 55. 5¢ 
Moreover, such therapy in men who have al- 
ready suffered one myocardial infarction does 
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not appear to reduce the incidence of angina 
pectoris or the frequency of a second aci'te 
myocardial infarction, nor does it appear to 
prolong life. In the postmenopausal wom:n, 
estrogen therapy has little effect upon seriim 
cholesterol. Further data are necessary, ho w- 
ever, to determine the effects of estrogen on 
vascular disease in such persons. It thus «p- 
pears that estrogen therapy should be -e- 
stricted to the young woman in whom bil:t- 
eral oophorectomy has been performed. 

The search for other substances with hy}0- 
cholesteremic but less estrogenic effect is \n- 
der active pursuit. One such substance,” 
Manvene (a 3,16-substituted estriol deriva- 
tive) has less estrogenic side effects, but re- 
cent reports indicate that this agent alters 
liver function significantly. A new agent, 
MER 29, triparanol, related to TACK, a syn- 
thetic estrogen, does reduce serum cholesterol 
and is without estrogenic effect.5* It appar- 
ently interferes with cholesterol production 
late in the biosynthetic pathway. An increase 
in the liver and blood of a cholesterol pre- 
eursor, 24-dehydrocholesterol or desmosterol, 
following triparanol therapy has been shown 
by Avigan et al.5® Desmosterol gives a color 
in the Lieberman-Burchard reaction which is 
less intense than cholesterol. Consequently, 
the reduction in total serum sterol is less than 
would be indicated by the standard methods 
of cholesterol determination. Whether desmo- 
sterol has an effect similar to cholesterol on 
atherogenesis remains to be determined. 

The effects of testosterone and related sub- 
stances on atherosclerosis in man require ad- 
ditional study. Testosterone does not have a 
favorable effect on angina pectoris; the initial 
reports indicating benefit have not been c«n- 
firmed. Although testosterone produces ©) 
change in total serum cholesterol, there is a 
reduction in alpha-lipoprotein cholesterol «1d 
an increase in the beta-lipoprotein cholest« rol 
following testosterone or methyl testosterone. 
The androgens abolish completely the eff: cts 
of estrogen on serum cholesterol and lipo} '0- 
teins in man but have very little effect on “he 
feminizing capacity of estrogens.* A poss ble 
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the apeutie effect of derivatives of androgens 
is s weested, however, by the data of Hellman 
et : 1.8 They have shown a distinct hypocho- 
lest -remic effect following the administration 
of  tiocholanalone and androsterone. Further 
stu ies will undoubtedly be forthcoming with 
the e and related substances. 


Adrenal Cortex 

] vidence of the effects of adrenal cortical 
hor nones on cireulating lipid and on the de- 
vel pment of atherosclerosis is conflicting. 
Observations in experimental animals are not 
it wreement with those obtained in human 
patents with a variety of pathologic condi- 
tio) s in whom hormones were used for thera- 
peutie purposes. Studies on normal human 
subjects are limited. Species differences in 
circulating lipids and lipoproteins limit the 
applicability of animal experiments to man.*! 

Clinical observation®? has suggested that 
hyperfunetion of the adrenal cortex (Cush- 
ing’s syndrome) produces hypercholesteremia 
and an abnormal distribution of body fat, 
whereas adrenal cortical insufficiency is asso- 
cated with a low serum cholesterol and a loss 
of body fat. Similarly, adrenalectomized dogs 
maintained on desoxycorticosterone acetate 
(DOCA) suffer a progressive decrease in 
plasma phospholipid and cholesterol. The 
administration of cortisone after DOCA with- 
drawal has led to a rapid restoration of serum 
lipids. ®8 

However, when either corticotrophin or 
cortisone acetate was administered intramus- 
cularly to ambulatory men with high plasma 
cholesterol and coronary artery disease, the 
plasma cholesterol, the total cholesterol : phos- 
pholipid ratio, and beta-lipoprotein choles- 
tero' fell and the alpha-lipoprotein cholesterol 
rose °* Conn and Vogel also showed a drop 
in s-rum cholesterol levels during short-term 
adn inistration of corticotrophin.® In eon- 
tras, Adlersberg et al.°° reported that when 
cori sone was administered to 18 patients se- 
ver ly ill with a variety of clinical conditions, 
ther» was an inerease of total and esterified 
cho sterol and phospholipid and a decrease 
ins ‘rum neutral fat. Only 4 of the 18 ill pa- 
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tients had serum cholesterol levels above 250 
mg. per cent and, in these, there was no change 
after cortisone therapy. Bloom and Pierce 
administered corticotrophin to 9 patients and 
noted a decrease of serum cholesterol without 
change in the ester ratio.** The effect of cor- 
tisone was less consistent. In 6 patients re- 
ceiving short-term corticotrophin and corti- 
sone therapy and in 8 of 9 patients undergo- 
ing long-term cortisone therapy, they noted 
no trend in Sf 10-20 lipoprotein or serum 
cholesterol.®* 

In the normal rabbit, administration of 
corticotrophin and cortisone results in lipe- 
mia, inereased serum lipoproteins Sf 80-400, 
and smaller quantities of Sf 40-80. After ces- 
sation of cortisone, there is a serial conver- 
sion of the larger to smaller lipoprotein until 
normally occurring Sf 3-12 results. Moreover, 
the combined administration of cortisone and 
cholesterol feeding resulted in enhanced levels 
of all lipid fractions compared with choles- 
terol feeding alone.® In chickens, hydrocor- 
tisone and long-acting corticotrophin pro- 
duced diabetes and enhancement of hypercho- 
lesteremia although cortisone was relatively 
inactive." 

Interest in the influence of the- adrenal cor- 
tex on circulating lipids is enhanced because 
of the relation of the adrenal cortex to stress. 
A number of stressful situations (surgery, 
starvation, infection) in man and animal have 
been shown to result in a decrease in serum 
cholesterol.“! Relief of stress after steroid 
therapy of serious disease has been suggested 
as the cause of the resulting rise of choles- 
terol.7* On the other hand, an increased serum 
cholesterol has been shown in medical students 
at the time of examination and in accountants 
during tax periods.“ 


The influence of steroids, hypercholestere- 


mia, and stress on human atherogenesis re- 
mains obscure. 


It has been suggested that 
human beings with hyperadrenocorticism fre- 
quently develop premature severe atheroscle- 
rosis.®* If so, the relative role of hypertension, 
diabetes, and lipids has not been clarified. In 
the rabbit and chick, the hyperlipemia and 
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hypercholesteremia occurring after adminis- 
tration of cortisone, hydrocortisone, and 
corticotrophin has been associated with the 
deposition of significantly less arterial lipid 
than in control cholesterol-fed animals.” This 
suggests that in the rabbit other factors (i.e., 
the state of the ground substance) than hy- 
percholesteremia and its duration exert an 
influence on atherogenesis. On the other hand, 
studies in rats suggest that stress may en- 


hance the development of atherosclerosis.“ 


Adrenal Medulla 

The effect of stress on serum lipids may be 
mediated not only through the adrenal cortex 
but also through the adrenal medulla and the 
sympathetic nervous system. The effect may 
be primary or the result of a secondary re- 
lease brought about by a specific pituitary 
mobilizing factor. 

Norepinephrine and epinephrine increase 
circulatory levels of free fatty acids in man 
and in dogs.** *8 Prolonged injections of epi- 
nephrine result in a rise in serum cholesterol 
and phospholipid with a smaller and variable 
response in triglycerides. There is also an 
inerease in the d=1.019 to 1.063 and in the 
d=1.063 to 1.21 lipoprotein fractions. Both 
the fatty acid and lipoprotein responses to 
epinephrine are abolished or markedly re- 
duced in adrenalectomized rats and dogs, and 
the normal response is restored by cortisone. 
Thus, increased secretion of both adrenal 


medullary and cortical hormones may be im- 
portant in the hypercholesteremia of stress. 


Pituitary Gland 

Most of the hormones of the pituitary gland 
exert an effect on lipids through their respec- 
tive end organs. Thus, the effects of cortico- 
trophin and thyroid-stimulating hormone are 
considered under the adrenal cortex and thy- 
roid gland. The latter has been shown to have 
no effect in the myxedematous human.** The 
administration of beef or porcine somatotro- 
phin preparations to man also produces no 
effect on circulating cholesterol. Recent ob- 
servations of Seifter and Baeder™: °° and by 
Rudman*' suggest that fat may be brought 
into the blood from depots by a pituitary 
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lipid-mobilizing factor separate from 
known pituitary hormones. 

The effect of pituitary hormones on athe o- 
genesis is unknown. However, in the w! te 
female rat, which is notoriously resistant to 
the development of experimental atheros ‘e- 
rosis, administration of corticotrophin res’ ts 
in explosive atherogenesis, coronary sclerc is, 
and infarction with lesions strikingly | ke 
those seen in man.** 


Summary 

Various hormones have been shown to p 
an important role in lipid metabolism. Cl 
cal and experimental observations implic 
the thyroid, adrenal, gonadal, and pituit: 
glands in atherogenesis. The evidence 
strongest that estrogens play a role in huniwain 
atherosclerosis. The influence of hypothyroi- 
ism requires further study and clarification. 
Hormones and lipids are obviously not tlie 
only factors important in atherogenesis; ly- 
pertension, local tissue factors, and altered 
intravascular coagulation in all probability 
significantly influence the natural history of 
the disease. 


Summario in Interlingua 

Ha essite monstrate que varie hormones ha un 
rolo importante in le metabolismo de lipidos. Ob- 
servationes clinie e experimental implica le glandulas 
thyyroide, adrenal, gonadal, e pituitari in le athero- 
genese. Le indicios es le plus convincente con respecto 
al rolo del estrogenos in le genese de atherosclerosis 
human. Le influentia de hypothyroidismo require 
studios additional e debe ancora esser clarificate. 
Hormones e lipidos es obviemente non le sol fae- 
tores de importantia in le atherogenese. Hyperten- 
sion, local factores tissutal, e alteration del coag 
lation intravascular exeree con alte grados de pr 
abilitate un significative influentia super le histori: 
natural del morbo. 
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Metastatic Cancer to the Heart 


Review of the Literature and Report of 127 Cases 


By Stanuey M. Hanruine, M.D. 


ETASTATIC cancer to the heart as- 

sumes greater diagnostic and therapeu- 
tic importance as the incidence of cancer rises. 
The condition evidently was‘first described by 
Boneti in 1700.1 A report in the English lit- 
erature appeared in 1822 of a case of testicu- 
lar cancer with tumor filling the vena cava 
and extending to the edge of the Eustachian 
valve.? Subsequent reports described metasta- 
ses to all parts of the heart from many types 
of cancer arising from almost every organ of 
the body.*** Characteristically, authors men- 
tioned the paucity or complete absence of 
symptoms, often despite extensive involvement 
of the heart by tumor. 

The first correct antemortem diagnosis of 
cancer in the heart was reported in 1913, but 
not until 1930 did reports of this nature ap- 
pear in the English literature.® 1° Compara- 
tively few articles have been written on treat- 
ment and the effects of treatment on cancer 
metastatic to the heart.'!-% 


Pathology 

Neoplastic growths may involve any or all 
parts of the heart. Most commonly, embolic 
tumor cells reach the heart by a hematogenous 
route entering the smaller coronary vessels 
from which they invade the heart. More un- 
commonly, fibrin forms on tumor cells freed 
in the venous system, supporting the further 
growth of tumor and resulting in a tumor 
thrombus that may extend into the heart 


From the Department of Pathology, New York 
Hospital, New York, N.Y. 

Dr. Hanfling’s present address is Department of 
Medicine, University of California Medical Center, 
San Francisco 22, Calif. 


chambers. Tumors may also reach the }oart 
by direct extension from an intrathoracic «an- 
cer. Finally, tumor may reach the hear by 
retrograde flow through mediastinal and 
tracheobronchial lymphatic channels. Micro- 
scopically, the superficial lymph channels of 
the heart may be filled with malignant cel\s," 
a finding known as carcinomatous lymphangi- 
tis. 

Pathologically, heart metastases are usually 
small, firm, and nodular, microscopically re- 
sembling the primary lesion. Necrosis is un- 
common. Leukemia usually causes diffuse and 
focal infiltrations radiating around blood vyes- 
sels; in the absence of invasion, leukemic cells 
may nevertheless be seen in the lumen of 
smaller vessels. Emboli from cancers of dif- 
ferent origin may also be seen occasionally in 
the lumen of coronary vessels.'® 


Incidence and Data of Observed Cases 

There has been a gradual rise in the inci- 
dence of cardiac metastases, probably because 
of the rising incidence of cancer itself in pa- 
tients living longer with their disease (table 
1). The incidence of metastatic cancer to the 
heart in patients dying of cancer ranges from 
1.5 to 13.9 per cent, with a general incrvase 
in recent series. 


Results 

The New York Hospital is a private vo! n- 
tary hospital. In the 7-year period, 147 
through 1953, 2,652 autopsies were perforn ed. 
Of these, 694 were deaths from cancer, inc! id- 
ing 169 cases of lymphoma, leukemia, : nd 
myeloma. The 127 cases of metastatic car ‘er 
to the heart constituted an incidence of 48 
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Table 1 
Incidence of Metastatic Cancer to the Heart (Collected Series) 








Author and Year 
reference reported 


Percentage of heart 
metastases 


Heart Total Cancer 
metastases cases cases 





Pie and Bret" 1891 _ 


Karrenstein" 1908 6655 


Symmers™ 1917 5155 


Morris” 1927 3000 


Burke* 1934 a 


Lymburner™ 1934 8550 
Helwig” 1935 1000 


Pollia™ 1936 12,000 


Schnitker™ i937 3570 


Seott™ 1939 11,100 


Ritchie™ 1941 3000 


Herbut” 1942 4050 
Dimmette™ 1950 1815 


Prichard” 1951 4375 


DeLoach™ 1953 2547 

Bisel” 1953 om 

Gassman™ 1955 7952 
per cent of all autopsies and 18.3 per cent of 
deaths from cancer. Of 525 deaths from vis- 
veral and cutaneous cancers (including brain 
tumors), 61 showed gross metastases to the 
heart (tables 2, 3, and 4). Of 169 cases of 
lymphoma, leukemia, and myeloma, 61 showed 
metastases to the heart, mostly microscopic 
(table 5). 

Of the 61 cases of gross metastases to the 
heart from visceral and cutaneous sources, 
metastases occurred to the pericardium in 36, 
myocardium and epicardium in 22, and peri- 
cardium and myocardium in 2. There was 1 
tumor thrombosis. Most patients were in the 
sixt!) and seventh decades of life, although the 
age span was 6 to 83. There were 38 male and 
23 f-male patients in this series. 

T.\vo eases showed no metastases elsewhere ; 
the heart was involved by direct extension. 
In; ease of retroperitoneal fibroliposarcoma, 
the -oronary arteries were involved by direct 
ext'ision of the tumor. The other was an 
adr nal cortical carcinoma with tumor throm- 
hosi.. All others showed metastatic foci else- 
whee. Of concomitant metastases, lymph 
nod s, liver, and adrenal glands were each in- 
vol: -d in over 50 per cent of cases, kidney 
in «ver 33 per cent, pancreas in over 25 per 
cen , and thyroid gland in 16 per cent. 
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- 146 3.4 
980 137 5.3 

340 37 _ 

4124 217 .03 


Carcinoma of the lung and breast, lym- 
phoma, leukemia, and malignant melanoma 
spread to the heart with great frequency, al- 
though practically all cancers may involve 
the heart.?* *!-83 Of 74 cases of leukemia in 
the present series, the heart was involved in 
46 per cent (table 5). Malignant melanoma 
also has a tendency to invade the heart. Bisel 
found 15 cases of cardiac involvement in 34 
cases.”9 

Metastatic cancer to the heart is usually a 
late manifestation of cancer and accompanied 
by foci elsewhere, although, in rare cases, the 
heart is the sole metastatic site.2> *4 In most 
instances the tumor is associated with primary 
or secondary intrathoracic malignancy. De 
Loach found this in 136 of 137 cases.*8 Lym- 
burner! found it in 88 per cent of his series. 
In the present series of 61, gross metastatic 
cancers to the heart, primary or secondary 
malignaney occurred in 93 per cent. Pollia 
and Gogol*! concluded from similar findings 
that ‘‘the presence of primary or metastatic 
cancer of respiratory thoracic tissues should 
suggest the possibility of involvement of the 
heart.”’ 

Symptomatology 

The symptomatology of heart metastases is 

variable, depending as much or more on loca- 





Table 2 
Incidence of Cardiac Metastases from Cancer* 


(New York Hospital Data 1947-1953) 


Number of patients 


No. with 
cardiac 
involve- 

Total ment? Percentage 


Carcinoma of lung 93 2 23 
Carcinoma of breast 24 3: 
Carcinoma of stomach 8 
Careinoma of pancreas 1 
Careinoma of bladder 
Malignant melanoma 
Site undetermined 
Mesothelioma of lung 


Undifferentiated sarcoma 


mrotwoenwwwwr ODO —| 


Neuroblastoma 
Adrenal cortical 
carcinoma 
Carcinoma of jejunum 
Ewing tumor 
Fibrosareoma of forearm 
Retroperitoneal 
fibroliposarcoma 
Careinoma of gallbladder 
Carcinoma of 
extrahepatie duetst 
Carcinoma of esophagus 16 
Carcinoma of kidney 1: 
Carcinoma of colon 4; 
Carcinoma of ovary 


1 
] 
1 
1 
1 
( 


» 
Other tumors 15! 
» 


) 
Total 525 61 11.6 


*Excluding lymphoma, leukemia and myeloma. 
tGross involvement only. 
tIneluding cancer of common bile ducts. 


tion than on size. Extensive involvement may 
occur with few or no symptoms. 

Yater proposed a classification of the symp- 
tomatology in 1931, dividing the symptoms 
into 2 groups: clinical types suggestive of 
tumors and types not suggestive (table 6).*° 

This classification does not stress tumor lo- 
lation that is responsible in large measure for 
the symptoms and signs that develop. The 
outlines in tables 7 through 10 differ in em- 
phasis and are suggested as a supplement to 
the Yater classification. 


Pericardial Involvement 
Pericardial involvement may occur alone or 
may be associated with metastases elsewhere 
in the heart (table 7). Metastases arise from 
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Table 3 
Incidence of Pericardial Metastases from Cai ey 
(New York Hospital Data 1947-1953) 


Number of patients 


No. with 
pericardial 
involve- 
Type Total ment? Perce 


Carcinoma of lung 93 1 


++ 


] 
Carcinoma of breast 24 2 
Carcinoma of panereas 27 ] 
Carcinoma of bladder 32 1 
Malignant melanoma 9 1 


Lr 


Carcinoma of esophagus 
Careinoma of stomach 
Careinoma of jejunum 
Carcinoma of eclon 
Carcinoma of ovary 
Ewing tumor 
Mesothelioma of lung 
Fibrosarcoma of forearm 
Sarcoma 


ree ee eee ee ee ee 


Undetermined site 
Other tumors 189 


0 


Total 525 38 


*Exeluding lymphoma, leukemia and myeloma. 
+tGross involvement only. 

¢Ineluding one case involving myocardium. 
§$Involving myocardium also. 


hematogenous or lymphatic dissemination of 
tumor. Intrathoracic growths, usually carci- 
noma of the lung or breast or lymphoma, may 
extend directly into the pericardium. From 
the pericardium, the tumor may invade the 
epicardium, the myocardium, and occasionally 
the endocardium. 

There are usually no symptoms of pericar- 
dial tumor.*® The most common signs of peri- 
cardial metastases are pericarditis and eri- 
cardial effusion. The effusion may be serous 
or bloody. The diagnosis of metastatic eri- 
cardial tumor has been established in many 
cases by finding neoplastic cells in aspir:ted 
pericardial fluid.** 

Rarely, tumor involvement causes cons' ric- 
tive pericarditis. Wallace and Logue*® re} prt- 
ed a case of bronchogenic carcinoma with» ght 
heart failure a prominent symptom. Ele: ro- 
cardiographic tracings suggested chronic | 2ri- 
carditis. At necropsy, there was exten ive 
infiltration of the pericardium by firm, n: du- 
lar, tumor tissue which formed a mass 2.5 <m. 
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Table 4 


nee of Myocardial (and Epicardial) Me- 
es from Cancer*® (New York Hospital Data 
1953 


Number of patients 


No. with 

myocardial and epi- 

cardial 

involve- 

re Total ment? 





Percentage 


noma of lung 93 
noma of breast 24 


1 
++ 


5 


13 


o 


to 


noma of stomach 49 


w 


ynant melanoma 


ae 


undetermined 
r of kidney 


m— Lo te 


noma of 
rahepatice ducts 
noma of bladder 
sothelioma of lung 
oblastoma 
peritoneal 
hroliposareoma 


1 
yma 2 
5 


inoma of gallbladder 


r tumors ) 0 


» 
Total 52% 24 4.6 


xeluding lymphoma, leukemia and myeloma. 
tGross metastases only. 
tIneludes 1 ease involving pericardium in addition. 


thick, completely encasing the heart. Slater et 
al.” reported a case of constrictive pericardi- 
tis from metastatic breast cancer to the peri- 
cardium. 

Pericarditis also suggests tumor. Smith*? 
reported a case of a patient with malignant 
mel;noma with a pericardial friction rub at 
the base of the heart. Along the right border 
was in area of increased density that extended 
into the pulmonary parenchyma. Necropsy 
rev led extensive neoplastic infiltration of 
the »ericardium. Levy*! diagnosed metastasis 
on ‘ \e basis of a pericardial friction rub with 
eley ocardiographie evidence of pericarditis 
in? patient with bronchogenic carcinoma. 

T © electrocardiogram may be helpful in 
dei nstrating pericarditis, but as Lamberta 
anc -o-workers*® concluded, ‘‘. . . the electro- 
cary ographie changes illustrative of pericar- 
diti are minimal in malignancy of the 
per ardium unless there is sufficient 
inv. vement.”’ 

| sher* mentioned that the introduction of 
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Table 5 
Incidence of ‘Infiltration in the Heart from 
Lymphoma, Leukemia, and Myeloma* (New York 
Hospital Data 1947-1953) 


Number of patients 


No. with 
involve- 
Type Total ment 





Percentage 


Leukemia t 74 
Lymphomas} 85 


Multiple (plasma cell) 
__myeloma 10 


Total 169 











*Tnfiltration mainly microscopic. 

tIneludes acute and chronic myelogenous, mono- 
cytie, and stem-cell leukemia. 

tIneludes Hodgkin’s disease, malignant lymphoma 
with leukemia, reticulum-cell sarcoma, and follicular 
type lymphoma. 

Five cases of eancer from visceral or cutaneous 
sourees showed microscopic metastases to the heart. 


air into the pericardial sac has been recom- 
mended as an aid in delineating the presence 
or absence of tumor. 


Epicardial and Myocardial Involvement 

Cancer cells reach the heart most often by 
the hematogenous route (tablé 8). From the 
myocardium, tumor may spread to the peri- 
cardium and epicardium. Spread to the 
myocardium also occurs from retrograde 
lymphatic flow through bronchomediastinal 
lymphatic channels and from direct extension 
from pericardial metastases. 

In the past, the low incidence of cancer to 
the heart has been explained on the theory 
that the heart was not receptive to tumor cells. 
Prichard?* mentioned the kneading action of 
the muscle, the metabolic peculiarity of stri- 
ated muscle, and the rapid blood fiow as fac- 
tors accounting for the low incidence. Later 
authors considered that the low incidence 
more likely was a result of inadequate obser- 
vation, and Burnett and Shimkin* concluded, 
‘*in tumours that have spread beyond the lung 
and liver filters, there is almost an equal like- 
lihood of the thyroid, the adrenal gland and 
the heart to be involved with metastases.’’ 
Both sides of the heart appear to be affected 
equally. 

Generally, myocardial metastases are asymp- 





Table 6 
Symptomatology of Heart Metastases—Yater Clas- 
sification 


Clinical types not suggestive of tumor to the heart 


Absence of symptoms referrable to the heart 

Symptoms of cardiac embarrassment terminally 

Symptoms of congestive heart failure 

Sudden death 

Symptoms suggestive of subacute bacterial 
endocarditis 


Clinical types suggestive of tumor of the heart 
Heart block 


Symptoms referrable to location of the tumor 
other than heart block 


Symptoms of cardiac dysfunction developing with- 
out apparent cause in a patient with a known 
malignant process 


Accumulation of hemorrhagic fluid, pericardial and 
pleural 


Suggestive roentgen observations 


tomatic. Symptoms may occur from encroach- 
ment on the pericardium, endocardium, or 
conduction system by infiltration of cancer. 
In the latter instance, the arrhythmias or rate 
changes provide important clues for antemor- 
tem diagnosis. Doane and Pressman*! stated 
that whenever the right heart is involved, the 
interventricular septum is likely to share in 
the process and the conduction system is apt 
to be embarrassed. Arrhythmias may occur, 
however, without septal invasion. 

Tumor nodules in the ventricular muscle 
mass usually are asymptomatic and do not 
produce any characteristic x-ray, fluoroscopic, 
or electrocardiographie signs. Atrial flutter 
or fibrillation may oceur although the mech- 
anism is obscure. 

Depending on their location, tumors may 
cause other symptoms and signs. Tumor em- 
boli occasionally plug a vessel and produce 
coronary insufficiency, angina pectoris, or 
myocardial infarction. Pilcher*® reported a 
case characterized by clinical electrocardio- 
graphic evidence of coronary thrombosis with 
encroachment or invasion of coronary vessels 
by malignant tissue at necropsy. 

Metastases to the heart may affect the mus- 
cle sufficiently to produce congestive failure. 
Scott and Garvin’ concluded that the devel- 
opment of congestive failure without apparent 
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Table 7 


Pericardial Tumor Involvement 


Route 
Hematogenous 
Direct extension from intrathoracic neoplasm 
Spread from myocardial and epicardial metas’ \ses 
Retrograde lymphatic spread from tracheal ind 
bronchomediastinal lymphatic channels 


Symptoms and Signs 
No clinical manifestations 
Pericarditis 
Pericardial effusion, serous or bloody 
Constrictive pericarditis 
Diagnosis 
Awareness of presence of intrathoracic neop ism 
Examination of pericardial fluid for maligiant 
cells - 
X-ray—general enlargement of the heart 
Fluoroscopy—fixation of the right border of the 
heart 


Introduction of air into the pericardial sac to out- 
line nodules 


Therapeutic test-irradiation of pericardium 


cause in patients with malignant disease 
raises the possibility of cardiac metastases. 
McNamara and associates*® reported cardiac 
rupture from metastatic cancer in a patient 
with rheumatic mitral disease. At necropsy, 
rupture of the posterior wall of the left atrium 
was Observed. No other case of cardiac rup- 
ture from metastatic cancer has been reported. 
The electrocardiogram has been of some 
help in the diagnosis of metastatic cancer to 
the heart. Bisel et al.2® reported that cardiac 
metastases may cause T-wave changes, S-T 
deviations, and Q waves. Rosenbaum’s group" 
reported a case of esophageal cancer with per- 
sistent and pronounced upward displacement 
of the RS-T segment. Necropsy revealed ex- 
tensive infiltration of the heart by metastases. 
Siegel and Young*® reported a case of lympho- 
sarcoma with inverted T waves and isoelec' ric 
S-T segments in all leads. Necropsy reveaied 
tumor in the ventricular wall and intervn- 
tricular septum. Electrocardiographie chai zes 
occur with leukemic infiltration usually w 
clinical evidence of involvement is prese! 
Occasionally, the electrocardiogram may 
the first evidence of myocardial infiltrat 
As with other cancers to the heart, there 
no diagnostic patterns. 
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Table 8 


irdial and Myocardial Involvement 


natogenous 


trograde from lymphatic-bronchomediastinal 
hannels 


‘ension from pericardial involvement 


toms and Signs 
clinical manifestations 
anges in rate or rhythm 
‘explained tachyeardia 
\trial flutter 
Atrial fibrillation 
Heart block, complete or incomplete 
\trioventricular rhythm 
Premature beats 
eetroeardiographie changes 
Persistent RS-t elevation 
Persistent T-wave inversion 
Bundle-braneh block 
low-voltage QRS 
Sudden death (severe arrhythmia, heart rupture) 
Congestive heart failure 
Coronary occlusion 
Angina pectoris 
Diagnosis 
Awareness 
Unexplained arrhythmia in patients with cancer 


Unexplained eleectrocardiographie changes in pua- 
tients with cancer 





The diagnosis of metastatic tumor in the 
myocardium has usually been made when an 
arrhythmia develops in a patient with meta- 
static cancer elsewhere. The first correct ante- 
mortem diagnosis of myocardial metastases 
was reported by Rosler in 1924. The patient 
had metastatic cancer and developed a per- 
sisterit slow and regular cardiac rate of 26 to 
28 per minute, with an atrial rate of 108. The 
author ascribed the phenomenon to tumor in- 
volvement of the bundle, a diagnosis that was 
confirmed at autopsy. In the English litera- 
ture. Willius and Amberg’? reported the first 
correct diagnosis, when incomplete bundle- 
brah block appeared in a patient with sar- 
com: of the femur. Levy*! and Fishberg® re- 
pori d patients with bronchogenic carcinoma ; 
can r of the heart was suspected because of 
ons’ of atrial fibrillation, the findings were 
coni ‘med at autopsy. Schnitker and Bailey" 


diay 1osed a case correctly because the ‘‘ pres- 
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Table 9 


Endocardial Tumor Involvement 








Route 
Hematogenous to chambers with direct implantation 
Extension from myocardial metastases 
Symptoms and Signs 
No clinical manifestations 
Murmurs of stenosis 
Sudden death 
Diagnosis 
Awareness-development of a murmur 
Changing murmurs with position 
Angiocardiography 





Table 10 


Chamber Involvement—Tumor Thrombosis 








Route 
Right heart 
Inferior vena cava — right atrium (hyperneph- 
roma, testicular tumors) 
Superior vena cava — right atrium (carcinoma 
of lung) 
Left heart 
Pulmonary veins — left atrium (earecinoma of 
lung) 
Symptoms and Signs 
No clinical manifestations 
Murmurs of stenosis 
Soft heart sounds of poor quality 
Superior or inferior vena caval syndrome 
Diagnosis 
Angiocardiography 





ence of auricular flutter with the suspicion of 
bronchogenic neoplasm suggested that there 
might be encroachment of tumor growth on 
the right auricle of the heart.’’ Other cases 
have been reported by Brick and Greenfield,* 
Shelburne and Aronson,!* and Dresdale and 
co-workers.*? 
Endocardial Involvement 

Neoplastic implantation on the enduvear- 
dium is uncommon (table 9). Tumor emboli 
reaching the heart chambers may implant on 
the endocardium directly with ‘‘subsequent 
development in the direction of least resist- 
ance, i.e., out into the cavity and between the 
museular trabeculae.’’*! 

Coller and associates*? reported there were 
only 9 cases of tumor deposition on the endo- 
cardium in the literature, of which 6 were im- 





480 


planted on the valves. He believed a certain 
amount of valvular damage was necessary for 
tumor implantation to occur, for it seemed 
improbable that tumor could implant on an 
intact cusp with smooth surface. The tricuspid 
valve or the tricuspid and mitral valves may 
be involved. Nicholls** and Blumenthal and 
Peterson*! reported cases with attachment on 
the surface of the right ventricle. Moragues** 
reported a case of malignant melanoma im- 
planting in the region of the conus arteriosus. 
The growth, large and pedunculated, almost 
plugged the pulmonary orifice completely. 
Watts® reported a case in which an intracar- 
diac metastasis probably arose by direct im- 
plantation on the wall of the right atrium. 
Ragle®® reported a somewhat similar case. 
Most of the endocardial growths cause little 
disability during life, and, like most meta- 
static cancer of the heart, are usually an un- 


expected and incidental autopsy finding. 


Endocardial metastases may also mimic baec- 
terial endocarditis. 


Chamber Involvement—Tumor Thrombosis 

Tumor may invade the heart chambers 
themselves (table 10) ; tumor cells that infil- 
trate the lumen of a great vein may initiate 
the deposition of fibrin upon them. The fibrin, 
in turn, serves as a framework for continued 
cancer growth. This ‘‘symbiosis’’ produces a 
thrombus in which cancer cells are an integral 
part. The tumor thrombosis may extend along 
the vein to the heart chambers, hindering 
blood flow and effective cardiac action. 

Tumor thrombosis of the inferior vena cava 
and right atrium commonly oceurs from can- 
cer of the kidney**~°* and testes and occasion- 
ally the liver,*® whereas growth into the supe- 
rior vena cava producing tumor thrombosis 
to the right atrium occurs from carcinoma of 
the lung,®® lymphosarcoma, and cancer of the 
thyroid gland.*'“? The left atrium may be in- 
vaded from extension of tumor thrombosis of 
the pulmonary veins, most commonly resulting 
from carcinoma of the lung.®*:* Primary 
pulmonary sarcoma and osteogenic sarcoma 
metastasizing to the heart by tumor thrombo- 
sis have also been reported. 
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Murmurs typical of stenosis may be cased 
by an intracardiac tumor and may ch: nge 
with position. Pedunculated tumor masses nay 
cause considerable interference with | ood 
flow through the heart. Linell® report. d a 
case of a patient with carcinoma of the lar ‘nx, 
with a rapidly deteriorating course. At 1ec- 
ropsy, a large antemortem clot was foun | in 
the cardiac chambers. Upon removal, a_ea- 
sized papillomatous mass was found pro ect- 
ing into the heart cavity from the endoeai lial 
wall. The author concluded that the pati: nt’s 
terminal course was precipitated by th:om- 
bus formation promoted by the endocardial 
tumor. The symptoms and signs of ve ious 
and intracardiac involvement are often 1:ini- 
mal in relation to the extensive involveent 
seen. Intracardiac involvement may be masked 
by superior or inferior vena caval syndromes, 
Tumors may cause valvular murmurs jrac- 
tically identical to those of established valvu- 
lar disease. 

Tumor thrombosis, like metastatic growths 
elsewhere in the heart, may produce sudden 
death. Culpepper and Von Haam*® reported 
a case of carcinoma of the liver with sudden 
death shown to have a tumor thrombosis of 
the inferior vena cava that protruded into the 
right atrium, which may have caused sudden 
death by its ball-valve action. Angiography 
may be valuable in delineating the presence 
or absence of intracardiac tumor masses. 


Treatment of Metastatic Cancer to the Heart 

There have been only a few reports of treat- 
ment of metastatic cancer to the heart, but 
successful, though temporary relief, has }een 
given with symptomatic cancer of the heart. 
Blotner and Sosman!! reported a case of leu- 
kemia with 2:1 heart block, attributed to !eu- 
kemie infiltration or a leukemic nodule i: the 
bundle of His. X-ray therapy was followe:! by 
disappearance of the block for a number 
days, with temporary disappearance f 
second time after additional therapy. 

Shelburne and Aronson™ reported a 
stance where a patient with cancer devel 
heart block with a large pericardial effu 
As a result of deep x-ray therapy, the | 
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«k disappeared and the effusion resolved 
upletely without discernible adverse effects 
the heart. Hsiung’s group!” treated a pa- 
nt with metastatic tumor to the heart and 
ricardium with x-ray and found evidence of 
duction in heart size and disappearance of 
pericardial effusion. They concluded that 
‘adiation can also serve as a therapeutic test 
d substantiate the diagnosis of metastatic 
ucer to the heart, if the tumor is radiosen- 
ive. Digitalis may control the arrhythmias 
produced, but in some instances,'® it is in- 
‘ectual. 


Summary 

A review of the literature of metastatic 
-ineer to the heart is presented, and a new 

assification offered. 

Autopsy data of The New York Hospital 
have been analyzed. In the 7-year period, 1947 
to 1953, in 694 deaths from cancer, an over-all 
incidence of 18.3 per cent (127 cases) of me- 
tustases to the heart was observed. In a group 
of 169 cases of lymphoma, leukemia, and mye- 
loma, there was an incidence of 36 per cent 
(61 cases) of metastases to the heart. In the 
remaining 525 cases, there was an incidence 
of 12.6 per cent (66 cases) of metastases to 
the heart. In 61 of these, gross lesions were 
present, an incidence of 11.6 per cent (61 
cases) of gross metastases to the heart. These 
fizures are comparable to those reported in 
other series. 


Summario in Interlingua 
is presentate un revista del litteratura de canceres 
tastasiate al corde. Un nove elassifieation es pro- 
lite, 
.e protocollos autoptic del Hospital New York 
‘va analysate. In le curso del 7 annos ab 1947 
ue a 1953, le serie total de 694 mortes ab eancere- 
lava un ineidentia de 127 casos (i.e. 18,3 pro 
to) de metastases al corde. In le subgruppo de 
casos de lymphoma, leucemia, e myeloma, il 
eva 61 metastases al corde, i.e. un incidentia de 
pro cento. In le remanente 525 easos del serie 
il, 66 metastases al corde esseva notate, i.e. un 
dentia de 12,6 pro cento. In 61 de iste 66 meta- 
ses, ie. in 11,6 pro cento del del serie de 525 
os, le lesiones eardiae esseva de importantia macro- 
pie. Iste cifras es comparabile al cifras reportate 
altere series. 
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Austin Flint 
Austin Flint was born on October 20, 1812, at Petersham, Massachusetts, the fourth 
in a suecession of a medical ancestry, his father having been a surgeon. He was educated 


at Amherst College and graduated at the age of 21 from the Harvard Medical School, 
where he had been influenced by teachers such as James Jackson, Sr., John C. Warren, 
and Jacob Bigelow. He praticed medicine in Boston and Northampton and later in 
Buffalo, and at the age of 32 was called to Chicago as Professor of Medical Theory and 
Practice at the Rush Medical College. He subsequently occupied many important posi- 
tions including professorships at the University of Louisville, Buffalo Medical College, 
and New Orleans School of Medicine. In 1860 at the age of 48 he became Physician to 
the Bellevue Hospital in New York City and Professor of the Principles and Practice of 
Medicine. For 8 years he was simultaneously Professor of Pathology and Practical 
Medicine in the Long Island College Hospital, until overwork forced him te curtail his 
activities. He was a talented teacher and an ardent student of disease, addressing his 
efforts particularly to the refinement of the diagnostie procedures of Auenbrugger and 
Laennee. His numerous publications were based on voluminous, handwritten memoranda 
which are said to have comprised over 16,000 pages. Austin Flint is best remembered 
by the eponym which bears his name “The Austin Flint Murmur.” This phenomenon 
was first noted in 1860 and described in detail in 1862 in the publication “On Cardiac 
Murmurs” that appeared in the American Journal of Medical Sciences. 

Austin Flint died on March 13, 1886, at the age of 74, of cerebral apoplexy and was 
buried in Boston. His contemporary, Dr. Samuel D. Gross, paid the following tribute 
to him, “As a diagnostician in diseases of the chest he has few equals. Nor is this fact 
at all surprising when we bear in mind the time and the immense labor which, from an 
early period of his professional life, he has devoted to their investigation. I know of no 
one who is so well entitled as Austin Flint, Sr. to be regarded as the American Laennee,” 
—EDITor, 
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ATHEROSCLEROSIS 

Morris, T. G.: A Comparison of Methods for the 

Estimation of Serum Cholesterol and Values in 

Random Samples of Populations in the 55-64 

Age Group. J. Clin. Path. 12: 518 (Nov.), 1959. 

Cholesterol levels in random samples of popu- 
lations in different areas were measured in the 
age group of 55 to 64. There is a general upward 
trend over the years 55 to 59 and then a fall 
to the age of 64. Levels were higher in women 
than in men. Results were consistent with find- 
ings in studies by other researchers. Six methods 
of estimating blood cholesterol levels were com- 
pared with a standard test solution and with each 
other by carrying out determinations in tripli- 
cate by each method on 10 sera. Trinder’s method 
was the most reproducible, and those of Anderson 
and Keys (K.5) and Sperry and Webb were the 
next. Sackett’s method was the least repro- 
ducible. Mean levels obtained with the methods 
of Sperry and Webb and Anderson and Keys 
did not differ; the mean by Trinder’s method was 
4.2 per cent higher; by Sackett’s method, 7.3 
per cent higher; by Pearson’s method, 8.8 per 
cent higher; and by Zlatkis’ method, 51.8 per cent 
higher. For routine use Trinder’s method is most 
suitable and involves less manipulation and time. 
Anderson’s and Keys’ method is also quite suit- 
able. There are 2 major types of technic. Pear- 
son’s and Zlatkis’ methods involve adding reagents 
directly to the serum. In the others, the choles- 
terol is first extracted, either by solvents or by 
digitonin precipitation. In all the methods, 
colorimetric technies are used. 

MAXWELL 


EUGENE LEPESCHKIN, M.D., Burlington 
JuLian P. Levinson, M.D., Pittsburgh 
Morton H. Maxwe tu, M.D., Los Angeles 
Mi.ton H. Paut, M.D., Chicago 

Wayne R. Rocers, M.D., Portland 
Euuiot L. SaGauu, M.D., Boston 
ALEXANDER ScCHIRGER, M.D., Rochester 
SHELDON SuHeEps, M.D., Winnipeg 


Schliissel, H., Schulte, M., Heinrich, W., and 
Hamacher, J.: Athletics and Atherosclerosis, 
Ztsechr. Kreislaufforsch. 48: 734 (Aug.), 1959. 
Twenty-eight guinea pigs given a dietary sup- 

plement of goose liver and cholesterol and sub- 

jected to daily exercise for 102 days showed 
significantly lower serum lipid and cholesterol 
levels and incidence of aortie atheromatosis than 

28 guinea pigs given the same supplement but 

not exercised. The blood pressure amplitude was 

also lower. It is coneluded that athletic activity 
in man has a _ similar preventive effect on 
atherosclerosis. 

LEPESCHKIN 


Wright, A. S., Pitt, G. A. J., and Morton, R. A.: 
Cholesterol Ester Fatty Acids in Atheroma and 
Plasma. Lancet 2: 594 (Oct. 17), 1959. 

One current hypothesis relates atherosclerosis 
to a deficiency in essential fatty acids and pre- 
sumes that fatty acids esterified with choleste ol 
in atheromatous tissue will be more satura‘ed 
than those esterified with cholesterol in noral 
plasma. Studies were performed to ascertain how 
much difference in saturation there might be 
between cholesterol esters in normal blood 
in atheromatous tissues. Tissues obtained at pcs 
mortem examination were extracted and the 
tracts subjected to chromatography, iodine vi | 
determination and fatty acid analysis. The f: 
acids esterified with cholesterol (CFA) in pla: 
had a higher iodine value and a lower satura ° 
acid content than the CFA from aortas. Tl 
were no significant differences in the esters f) 
aortic plaques and from residual aortie wall 
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fr a coronary arteries. Studies of plasma CFA 
onstrated the iodine value to be chiefly 
enced by the linoleic and arachidonic acid 
ent. There was an inverse relation between 
\ iodine value and total plasma cholesterol 
|. Current evidence indicates that neither the 
‘nt of atherosclerosis nor the presence of 
mary infaretion is associated with a relative 
‘iency of essential fatty acids in CFA. 


KURLAND 


lerson, M. N., Mendelow, M., and Alfano, 
A.: Experimental Studies of Heparin- 
rotamine Activity with Special Reference to 
‘rotamine Inhibition of Clotting. Surgery 46: 
060 (Dee.), 1959. 
leparin was administered intravenously to 
ad It healthy mongrel dogs and serial protamine 
tit. ations were carried out at hourly intervals. 
Th: level of heparin thus measured decreased by 
ap) roximately 50 per cent per hour. Protamine 
in doses of 75 per cent or more by weight of the 
heparin invariably produced complete neutrali- 
zation when given 15 minutes after the heparin. 
At longer intervals, proportionally less protamine 
was required to neutralize the residual active 
heparin. With larger doses of protamine there 
was an irregular, but definite incidence of pro- 
tamine inhibition of clotting. There was no direct 
relationship between the relative amount of pro- 
tamine given and the degree of inhibition of 
clotting. The increase in coagulation time above 
normal was usually small, rarely exceeding 15 
minutes. There was no evidence found for a 
“heparin rebound,” in the sense of a secondary 
or delayed rise in the level of active heparin. 
The possibility of protamine inhibition of coagu- 
lation being inecorreetly interpreted as “heparin 
rebound” is discussed. 
SHEPS 


Billimoria, J. D., Drysdale, J., James, D. C. O., 
and Maclagen, N. F.: Determination of Fibrino- 
lytic Activity of Whole Blood. Lancet 2: 471 
(Oet. 3), 1959. 


The present paper reports a method that is 
rap'd and reproducible for the quantitative assay 
of | ibile fibrinolytie activity of whole blood within 
a i+w hours. The rate of lysis is followed by 
me:ns of hourly estimation of the hemoglobin 
con ent of the clot; 50 per cent lysis time is 
det rmined. Tests were carried out on 17 normal 
sul eects and on 36 patients suffering from a 
var ety of diseases ineluding coronary ocelusion, 
dia etes mellitus, cancer, and myxedema. Diurnal 
var ation at least partly dependent on physical 
aet rity was demonstrated but comparatively little 
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variation from one day to another. In most sub- 
jects, fibrinolysis times were significantly longer 
2 hours after a fatty meal. There was a positive 
correlation between lipemia and lysis times. At 
4 hours there was no significant effect. Experi- 
ments on the effect of exercise and fat feeding 
indicated that exercise has a considerable tran- 
sient effect on accelerating fibrinolytic activity. 
Exercise after a fatty meal abolished the inhibit- 
ing action of fat on fibrinolysis. Studies of stypven 
clotting times were also made and showed shorten- 
ing of clotting time after butter meals, but 
exercise had no effect on this finding. 


KURLAND 


Boyles, P. W.: Particle Size as a Factor in 
Thromboplastin Formation. Blood 14: 1063 
(Sept.), 1959. 

Latex particles with diameters of 0.14 pw have 
been shown to be partially effective in the ab- 
sence of platelets or phospholipids in the throm- 
boplastin generation test. The author concludes 
that the function of platelets in the coagulation 
of blood may be due partially to their particle 
size and that the action of the “intact platelet” 
is not completely replaced by “lyophilized plate- 
lets” or purified phospholipid fractions. 

KARPMAN 


Chapple, R. V., and Singher, H. O.: The Present 
Status of the Clinical Evaluation of Fibrinoly- 
sin, Canad. M. A. J. 81: 231 (Aug. 15), 1959. 
The rationale of human fibrinolysin (plasmin) 

therapy is summarized, and some results obtained 
in over 300 patients with thromboembolic disease 
are described. Treatment begun early, before 
the clot organized (5 to 7 days), was more often 
efficacious. For example, 83 per cent of cases of 
phlebothrombosis treated within 5 days responded 
well, whereas 62 per cent of those treated later 
did so. Similar results were observed in pulmo- 
nary embolism. Doses of fibrinolysin above 
50,000 units daily were found to be significantly 
better than smaller ones. The major side effect 
of treatment was fever, 29 per cent of patients 
having febrile responses higher than 102 F. The 
mechanism of fever production was uncertain, 
but it was short-lived. Fibrinolysin, unlike 
trypsin or papain, does not produce gross coagu- 
lation defects, although slight fibrinogenopenia 
may follow its use. The authors consider the 
therapeutic effectiveness of fibrinolysin to be 
established in phlebothrombosis, thrombophlebitis, 
and pulmonary embolism, and to be promising 
in many other types of thromboembolism. 
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Coon, W. W., and Coller, F. A.: Clinicopathologic 
Correlation in Thromboembolism. Surg., Gynec. 
& Obst. 109: 259 (Sept.), 1959. 

Review of the protocols of all autopsies done 
at the University of Michigan Hospital during 
1945 to 1954 disclosed that pulmonary throm- 
botic emboli were found in 606, an incidence 
of 13.8 per cent, and pulmonary infarction was 
associated in 356. In two thirds of the 606, the 
embolization was significant in that it caused 
or contributed to the patient’s death. Symptoms 
recorded for the latter group ineluded by per 
cent dyspnea in 58, shock in 28, chest pain in 
22, hemoptysis in 11; physical signs were noted 
in 6; and there was no sign or symptom in 27 
per cent. Of the whole embolism group, 19 per 
cent had evidence of deep venous thrombosis 
in the leg. A elinical diagnosis of pulmonary 
embolism was made in 7.1 per cent of the 
entire embolism group, and in 9.3 per cent of 
those in whom the embolism was clinieally sig- 
nificant. In an additional 4.1 per cent of the 
latter group this diagnosis was suspected. Chest 
roentgenograms in 60 patients were suggestive 
of infarction in 19. Electrocardiograms were 
made soon after infaretion in 5 patients, and 
evidence of “acute cor pulmonale” was found 
in 4. In view of the poor ability to diagnose 
both pulmonary embolism and thrombotic disease 
of the lower half of the body, a plea is made 
for greater clinical awareness of these disorders 
and for readiness to treat or to give antico- 
agulants prophylactically. 

RoGeErs 


BLOOD COAGULATION AND 
THROMBOEMBOLISM 
Didisheim, P., Hattori, K., and Lewis, J. H.: 

Hematologic and Coagulation Studies in Vari- 

ous Animal Species. J. Lab. & Clin. Med. 53: 

866 (June), 1959. 

Many remarkable findings during routine hema- 
tologie and coagulation studies on 8 mammalian 
and 2 avian species are described. Large throm- 
boeytes, instead of platelets, were found in 
chickens and ducks. These were nucleated cells, 
with a high glycogen content and tendency to 
clump, as in mammalian platelets. Clot retrac- 
tion was negligible in fowls, and differences were 
also negligible between clotting times in glass 
and silicone tubes. The blood of fowls showed 
also low levels of prothrombin, proconvertin, and 
proaccelerin, and a complete lack of plasma 
thromboplastin component, Hageman factor ae- 


tivity, and “glass factor” activity. In opossum, 
sheep, and cow, prothrombin and proconvertin 
levels were also low, but in these and all other 
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mammals studied (rhesus monkey, dog, cat, ra 
hit, and raccoon), levels of proaccelerin were tf 
higher than in human beings. Mammalian Hag 
man factor was generally similar to human. An); 
hemophilie factor levels were very high in e« w 
and sheep plasmas. Brain tissue thromboplasi 
showed a definite species specificity only in t 
opossum, chicken, and duck. Erythrocyte se 
mentation time was slow in all but the dog a 
eat. The importance of using homologous spec 
systems in the study of blood coagulation mee] 
nisms is emphasized. 

MAXWELI 


Ehrner, L., Garlind, T., and Linderholm, F.: 
Chronic Cor Pulmonale Following Throm! 
embolism. Acta med. scandinav. 164: 2 
1959. . 


The authors report 3 patients with chronie « 
pulmonale secondary to thromboembolism 
volving the pulmonary artery. All 3 patient 
were young, previously healthy men with evi 
dence of peripheral thrombotie phenomena pi 
ceding the pulmonary emboli. Exercise tolerance 
was low, but the pulmonary function studies i: 
cluding the tests of gaseous diffusion were nor 
mal. Pulmonary blood shunting oceurred a 
indicated by an inereased venous admixture 1! 
all of the patients. Pulmonary and alveolar ven- 
tilation was increased at rest and at work. In- 
creased vascular resistance occurred, which re- 
sulted in elevated pulmonary artery pressures 
and subsequent right heart strain. Both the 
stroke volumes and the cardiac outputs were 
diminished in 2 patients. The authors empha- 
size that the diagnosis of chronie cor pulmonale 
following thromboembolism of the pulmonary 
artery should be suspected in patients with 
dyspnea who have normal pulmonary function 
studies and no evidence of primary heart disease, 
and especially if there is a history of peripheral 
thrombosis. 

KaARPMAN 


Fuller, J. A.: Long-term Anticoagulant Treat- 
ment. Lancet 2: 489 (Oct. 3), 1959. 


Long-term anticoagulation is being used with 
increasing frequency but statistics on its relative 
safety remains uncertain. This paper is primari'y 
concerned with the hemorrhagic complications 
phenindione therapy in 217 patients treated fr 
periods up to 3 years. The therapeutie goal w 
to lengthen the 1-stage clotting time to tw 
that of the control, the prothrombin concentrati 
then being 12-15 per cent. Twenty-one patie: 
died while under treatment; in 2 fatalities an 
coagulant therapy undoubtedly played a part. 
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vatients, anticoagulants were withdrawn. In 7 
hese, this was done because of bleeding; in 
eeause of lack of intelligence or cooperation. 
the 217 cases, 105 had 194 hemorrhagic epi- 
es, 24 severe, 31 moderate, and 139 mild. The 
a suggest that 1 patient in 3 will have some 

of hemorrhagic episode during the first 3 
iths of treatment and that thereafter the 
dence of bleeding is halved. Severe bleeding 
urred in 22 patients leading to 2 and possibly 
eaths. An unduly prolonged clotting time may 
revealed by a minor bruise, but it may also 
ald a fatal hemorrhage. Therefore, any sign 
bleeding is serious. Anticoagulant therapy is 
t reserved for cooperative, intelligent patients. 

Some hemorrhagic complications are inevitable. 


KURLAND 


Iliingworth, R. S., and Finch, E.: Ethyl Bis- 
coumacetate (Tromexan) in Human Milk. J. 
Obst. & Gynee., Brit. Emp. 66: 487 (June), 
1959. 

"he Tromexan level in specimens of human 
milk were estimated at variable intervals after 
the administration of Tromexan. There was no 
correlation between the concentration in the milk 
aud the dosage or time of administration of 
Tromexan to the mother. Babies receiving breast 


milk showed no adverse effects, but no pro- 
thrombin-time estimations or liver-funetion tests 
were earried out on the babies. However, the 
small quantities of drug found in the milk would 
indicate that the administration of Tromexan to 
a lactating woman is not dangerous to the baby. 


SHEPS 


awahara, H.: Alpha-Tocopherol in Prophylaxis 
nd Treatment of Venous Thrombosis. Surgery 
‘6: 768 (Oet.), 1959. 


n alternate case study is reported on 100 
operative patients, half of whom received 
\a-tocopherol for 2 weeks. The clotting time, 
thrombin time, and prethrombotic index of 
were determined from the preoperative 
od to the end of the second postoperative 
k. There was no significant difference in the 
ting time and prothrombin time, but the pre- 
mbie index reached a “dangerous” level in 
ses of the treatment group as compared with 
‘ases of the control group. Two of the latter 
ents developed thrombophlebitis. The addi- 
of intravenous calcium gluconate to certain 
ibers of the treatment group did not produce 
significant differences. A further 28 eases 
venous thrombosis were treated with alpha- 
ypherol. Seventeen eases were “successfully 
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treated,’ 8 showed some effect, and 3 “failed” 
in the treatment. Acute and subacute cases were 
treated more effectively than were chronic cases. 
The criteria for these statements are not given. 
In 4 cases of thrombophlebitis the clearance of 
radioactive saline injected intramuscularly was 
compared before and after treatment. These pa- 
tients showed a definite improvement in clear- 
ance; however, the time relationships and other 
clinical data are lacking. The author suggests 
that alpha-tocopherol can control the high blood 
coagulability that occurs in patients with opera- 
tions and therefore can prevent the development 
of postoperative thrombosis. 
SHEPS 


Kleisch, W. F., Young, P. C., and Davis, W. D., 
Jr.: Dangers of Prolonged Anticoagulant Ther- 
apy in Hepatic Disease. J.A.M.A. 172: 223 
(Jan. 16), 1960. 

Prolonged anticoagulant therapy after vascular 
accidents is a well-recognized medical practice 
but it entails significant risks. Contraindications 
to anticoagulant therapy include renal disease, 
hepatic disease, shock, purpura, age of more than 
70 years, diabetes, severe congestive heart failure, 
blood dyserasias, recent neurosurgery, peptie ul- 
cer, catheter or Wangensteen suction, hemothorax, 
positive reaction to fecal examination for occult 
blood, and persistent hemoptysis. Difficulties may 
be occasioned by failure of the patient to report 
for frequent examination or by occurrence of in- 
termittent complications. The authors report 1 of 
the latter in a man who took 50 mg. of phenindione 
twice daily for 4 years. He was admitted to the 
hospital with nausea, vomiting, jaundice, and 
various hemorrhagic manifestations. Apparently 
the patient developed an acute viral hepatitis and 
this potentiated the therapeutic effect of phenin- 
dione. This ease re-emphasizes the dangers of 
anticoagulant therapy in the presence of hepatic 
disease and emphasizes the need for careful ob- 
servation of patients receiving prolonged therapy. 


KITCHELL 


Kwaan, H. C., Lo., R., and McFadzean, A. J. S.: 
Antifibrinolytic Activity in Primary Carcinoma 
of the Liver. Clin. Se. 18: 251, 1959. 
Antifibrinolytie activity was studied in patients 

with uneomplicated cirrhosis of the liver, in 

cirrhotic patients with hepatoearcinoma and in 
healthy volunteers. There was no difference in 
spontaneous fibrinolytic activity in patients with 
hepatoearcinoma and healthy controls but activity 
was significantly greater in the group with eir- 
rhosis of the liver. Fibrinogen levels were higher 
in persons with hepatoeareinoma than in the eon- 
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trol subjects, and these were higher than in the 
cirrhotic patients. No significant change in fibrino- 
lytic activity followed the injection of epineph- 
rine in patients with hepatocarcinoma, whereas 
significant inereases were encountered in the 
healthy control subjects and even greater in- 
creases in the cirrhotic patients. Both control 
groups responded to ischemia with increased 
fibrinolytic activity, but none was found in the 
tumor group. Four patients were studied before 
and after the development of hepatocarcinoma. 
The later results showed a reduction in fibrino- 
lytic aetivity to normal and elimination of the 
response to epinephrine and ischemia. Signifi- 
cantly greater antifibrinolytie activity was found 
in the plasma of patients with hepatocarcinoma 
than in the controls. A saline extract of tumor 
exerted greater effect than normal liver. Since 
no inerease in antiplasmin activity was found, 
it was concluded that the factor responsible for 
these phenomena did not act directly on plasmin 
but inhibited the activator that converts plas- 
minogen to plasmin. 
KURLAND 


Lyburn, E. F. St. J.: The Effect of Sweating on 
the Prothrombin Times of Blood. J. Clin. Path. 
12: 116 (Mar.), 1959. 

Estimation of prothrombin times in man before 
and after exposure to high environmental tem- 
peratures indicates an increase in prothrombin 
time after sweating. The study was conducted 
on 2 groups of patients. One group was on anti- 
coagulant therapy for thrombotic disease, and the 
other was not on anticoagulant therapy. The 
average rise in prothrombin times following treat- 
ment combined with anticoagulant therapy was 
93 seconds, and without anticoagulants the aver- 
age rise was 10 seconds. The blood failed to 
coagulate after sweating in 5 subjects treated 
without anticoagulants. 

MAXWELL 


Nestel, P. J.: Fibrinolytic Activity of the Blood 
in Intermittent Claudication. Lancet 2: 373 
(Sept. 19), 1959. 

The blood fibrinolytic activity in 30 male pa- 
tients with intermittent claudication as a mani- 
festation of extensive arterial thrombosis was 
compared to the activity in the blood of 30 men 
who had no symptoms or signs of peripheral 
arterial disease. The fibrinolytie activity was 
significantly depressed in the patients with 
claudication. It is unknown whether this de- 
creased activity is causally related to the disease 
or is a consequence of disturbed lipid metabolism. 


KURLAND 


ABSTRA(C’ 


Owren, P. A.: Thrombotest: A New Method 
Controlling Anticoagulant Therapy. Lance 
754 (Nov. 7), 1959. 

A new method has been devised for the eo: 
of anticoagulant therapy. For maximum 
plicity an “all-in-one-reagent” has been dey 
which contains cephalin, thromboplastin 
substrate-plasma with a high and constant 
tent of all clotting factors. Calcium chloric 
added in optimal concentration. Lyophilized 
vacuum-sealed, the reagent is stable for 12 mo: 

When the patient’s blood or plasma is ad 

clotting time will depend only on the concer 

tion of factors IX, VII, Stuart factor, and 

thrombin. The high stability of the reagent m 

possible the use of a standard dilution cvrve. 

The method provides good sensitivity; the thura- 

peutic range is 10-30 percent of normal. Sou ces 

of error lie in coagulation in eapillary blood, 
contact activation of the test sample, inactiva- 
tion of clotting factors, non-optimal caleium con- 
centration, and the presence of heparin. The 
technic is simple; little equipment is needed; 
reliable results can be obtained with little 
experience. 

KURLAND 


Peel, A. A. F.: Thromb-elastography in Investi- 
gation of Blood Coagulation and in the Control 
of Anticoagulant Treatment. Scottish M. J. 
4: 422 (Sept.), 1959. 

Details are given on the use of the thromb- 
elastograph. The normal thrombelastogram is 
described and the variations induced with heparin 
in vitro and in vivo are also outlined. Following 
the administration of “Dindevan,” there was no 
change in the thrombelastogram until the pro- 
thrombin time had been increased beyond twice 
the control value. Abnormalities are deseribed 
in some cases of coronary thrombosis prior to 
the institution of anticoagulant therapy that 
suggest the presence of accelerated coagulation 
due to an autogenous anticoagulant with a 
heparin-like action. It is suggested that the 
thrombelastograph is a_ sensitive indicator of 
liability to either spontaneous thrombosis or 
hemorrhage. It suggested further that the thromb- 
elastograph is a more sensitive indicator of 


hemorrhagic tendeney than the  prothrom)in- 
time estimation during the administration of 
anticoagulants. 


SHE 


Shadid, J. N.: Venous Thromboembolism. Sur: ery 
46: 588 (Sept.), 1959. 
The experience gained with the use « 
blood-drop test on 610 patients with know 
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- ispected venous thromboembolism is outlined. 
‘his test consists in timing the interval taken 
14 drops of blood to fall from the tip of a 
andardized test instrument. This is compared 
1) a water-drop time standard and the ratio 
rain compared with the hematocrit level. The 
-uthor suggests that certain alterations in these 
easurements reflect a hypercoagulable state dur- 
g which thrombosis may occur if there is con- 
mitant vascular damage. This state may be 
‘mporary and not recur or may persist for 
‘ars. It is further suggested that while these 
terations persist, anticoagulants should be ad- 
inistered. In those patients who show no altera- 
(ion in the blood-drop test from normal, and 
lave superficial venous thrombosis or suspected 
enous thromboembolism, anticoagulants need not 
he given. They are treated with symptomatic 
anti-inflammatory measures. When the altera- 
ion is great to begin with, or persists for longer 
than 2 weeks, anticoagulant therapy with heparin 
and oral anticoagulants is begun. Between these 
extremes, intramuscular heparin alone is the 
treatment of choice. Deep venous ligation was 
undertaken when patients had recurrent (3 or 
more) pulmonary emboli, despite adequate anti- 
coagulant therapy. Long saphenous vein liga- 
tions were carried out on patients who had super- 
ficial venous thrombosis in varicose veins. It is 
coneluded that the blood-drop test isolates for 
concentrated attention those patients requiring 
prolonged meticulous treatment. In addition it 
is said to indicate the specifie need for anti- 

coagulant therapy. 

SHEPS 


Steinmann, B., Imhof, P., Butler, K., and Keller, 
H.: On the Mode of Action of Nicotinic Acid 
and Its Use in Hemiplegia. Cardiologia 35: 310, 
1959. 

The authors confirmed reports by others that 
cotinie acid has fibrinolytie properties. Thev 
und that the intravenous injection of 1 to 
ing. of nicotinie acid per Kg. produced in more 
in half of the subjects complete fibrinolysis 
measured by thromboclastographs. The action 
s usually transient and was no longer demon- 
able 1 hour after the injection. After inges- 
mn of 1.0 Gm. of nicotinie acid, longer lasting 
rinolysis was achieved. The incidence of 
‘omboembolie phenomena was compared in 209 
tients with hemiplegia, many of whom had not 
‘eived nicotinie acid for varying periods. The 
queney of thromboembolism was increased 4- 
id during periods when the drug was not being 
ven. The difference was even more striking in 
e group of patients with atrial fibrillation. 
‘ jcotinie acid had no effeet on coagulation. The 
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drug thus offers some of the advantages of anti- 
coagulants without any of their dangers. 
BRACHFELD 


CONGENITAL ANOMALIES 


Bender, F., Menkhaus, B., and Portheine, H.: 
Unusual Systolic-Diastolic Engine Murmur in 
Atrial Septal Defect. Ztschr. Kreislaufforsch. 
48: 762 (Aug.), 1959. 

A 28-year-old woman with atrial septal defect 
and moderate pulmonary hypertension showed an 
intense systolic murmur continuing beyond the 
second component of a reduplicated second heart 
sound, into the mitral part of diastole; the 
murmur had maximal intensity in the second 
interspace in the left midelavicular line. After 
operative closure of the septal defect, the mur- 
mur disappeared completely, and the terminal 
portion of the vectorcardiographic QRS loop be- 
came directed less to the right. The murmur, 
which could not be distinguished from that char- 
acteristic for patent ductus arteriosus, is attrib- 
uted to increase pulmonary flow. 

LEPESCHKIN 


Gensini, G. G., Caldini, P., Casaccio, F., and 
Blount, S. G., Jr.: Persistent Left Superior 
Vena Cava. Am. J. Cardiol. 4: 677 (Nov.), 
1959. : 

The subject of persistence of the left superior 
vena cava was reviewed historically, embryo- 
logically, and clinically, emphasizing the authors’ 
experience with 37 patients. The significance of 
this uncommon abnormality lies in its occasional 
interference with cardiac catheterization via the 
left arm, the need to occlude it during open- 
heart surgery and especially in its usual asso- 
ciation with hemodynamically significant lesions, 
such as atrial septal defect, in 25 patients or 
anomalous pulmonary venous return in 15 pa- 
tients. The diagnosis of persistent left superior 
vena cava could be strongly suspected in 86 per 
cent of the group by finding a significant widen- 
ing of the vascular pedicle at the level of the 
third rib in a posteroanterior chest roentgeno- 
gram. Confirmation was obtained by angiography 
or by noting the course of a catheter as it passed 
along the vessel. 

ROGERS 


Ginefra, P., Costa Rocha, J., Espino Vela, J., 
De la Cruz, M. V., and Cisneros, F.: Clinical 
and Anatomic Analysis of 14 Cases of Patent 
Foramen Ovale Present in Various Acquired 
Cardiopathics. Arch. Inst. Cardiol. México 29: 
313 (May-June) 1959. 


Fourteen cases of persistent foramen ovale, 
which were selected among 2,055 autopsy reports, 


= 
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were studied. Clinical, radiologic, and electro- 
cardiographie studies were reviewed. Six patients 
had rheumatic heart disease with a double mitral 
lesion; 3 had secondary hypertension; 1 had 
lupus erythematosus; 1 had syphilitic aortitis 
with aortic regurgitation; 2 had atherosclerotic 
heart disease, and the last patient had an in- 
fectious pulmonary disorder. The patients were 
in heart failure and 7 had unquestionable clinical 
signs of arterial pulmonary hypertension. Nine 
had variable degrees of cardiomegaly. When the 
pressure in the right atrium increases for any 
reason, the foramen ovale may theoretically open 
and become functional, permitting a right-to- 
left shunt. The authors believe that the right 
atrial pressure must reach very high levels be- 
fore overcoming the resistance presented by the 
valve of the foramen ovale, as the right atrium 
is capable of dilating markedly before elevating 
its pressure. One factor that prevented the right- 
to-left shunt was the presence of pathologie cir- 
cumstances which tended, per se, to elevate the 
pressure within the left atrium simultaneously. 
Anatomie characteristies of the adult septum also 
preclude shunting. The electrocardiogram did not 
aid in the diagnosis of the presence of a patent 
foramen ovale. Of the 14 patients studied, 8, 
due to the peeuliar conformation of the foramen 
ovale and its valve, probably could not become 
functional; in 5 patients a functional foramen 
ovale seemed possible and only 1 case was con- 
sistent with a true functional foramen ovale. 
In the authors’ experience a functional foramen 
ovale is extremely rare. 
BrACHFELD 


Haggenmiller, W., Engers, J., and Ell, O.: Per- 
sonal Observations on 5 Cases of Cardiac 
Anomalies in One Family. Ztschr. Kreislauf- 
forsch.. 48: 658 (July), 1959. 

The father of the family died at the age of 
27 of heart failure, and a large atrial septal 
defect of the ostium primum type was found 
at autopsy. His daughter showed an atrial sep- 
tal defect leading to death at 5 months, which 
was confirmed at autopsy. A brother and sister 
who had the same grandparents and great- 
grandparent as the first 2 patients showed an 
atrial and ventricular septal defect respectively, 
while their cousin showed an ostium primum type 
of atrial septal defect. The 3 patients died at 
an age of less than 4 months, and the diagnosis 
was confirmed at autopsy. In none of the patients 
was the mother exposed to virus infection, roent- 
gen radiation, or metabolic disturbances, but 
in 1 patient the pregnancy was preceded by 3 
abortions. These patients emphasize the im- 
portance of hereditary factors in the genesis 
of eongenital cardiae anomalies and show also 
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that a large atrial septal defect can lead to ear!y 
eardiae failure through volume overload. 
LEPESCHKIN 


Kenner, Th.: The Arterial Pulse in Coarctatio. 
of the Aorta. Ztschr. Kreislaufforsch. 48: 7: \) 
(Aug.), 1959. 

The typical triangular pulse configuratio , 
which is observed in human aortie coarctatic. 
and appears also during local compression of t 
thoracic aorta in experimental animals, could 
reproduced when an artificial pulse was se: { 
through a rubber tube and the latter compress: | 
in the middle. This led to decreased higher ose)'- 
latory harmonies in the central and peripher.| 
segments of the tube, and caused both to resemb'e 
the response of a simple elastic reservoir. Tle 
pulse wave velocity remained unchanged. 


LEPESCHKIN 


Kerkovits, G., and Detrehazy, K.: Spontaneous 
Delivery in Pulmonary Stenosis and Partial 
Heart Block. Ztschr. Kreislaufforsch. 48: 604 
(July), 1959. 

A 28-year-old woman with pulmonary stenosis 
had 2 normal deliveries after an interval of 7 
years. During the second delivery 3:2 atrio- 
ventricular block with high ventricular escape 
beats appeared; this could be provoked also after 
delivery by the erect position. 7 

LEPESCHKIN 


Maranhao, V., Raber, G. T., and Goldberg, H.: 
Pure Ventricular Septal Defect with Pulmonic 
Stenosis. Hemodynamic and Clinical Changes 
Following Open Heart Surgery. Am. J. Cardiol. 
4: 155 (Aug.), 1959. 

The preoperative and postoperative status of 
12 patients whose ventricular septal defect ap- 
peared to have been completely repaired are 
described. Five of these additionally had pul- 
monie stenosis, which was corrected simulta- 
neously. Of the pure septal defect group, 3 were 
asymptomatic before and all were asymptomatic 
after surgery. The grade III-IV harsh systolic 
murmur decreased or disappeared in all except 
1. The heart increased slightly in size, an 
complete right bundle-branch block appeared i: 
all patients. Four had moderate pulmonary hype 
tension which returned to normal after surger). 
Of the septal defect plus pulmonic stenosis grou), 
all were symptomatic preoperatively, and 1 wi 
cyanotic. The uniformly present grade I to 1 
left sternal border systolic murmur persisted bit 
in lesser intensity postoperatively. Again, tl 
heart size increased slightly and complete rig! t 
bundle-branch block developed in all patient. 
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e moderately elevated ventricular pressure fell 
stoperatively in each instance, and in 3 it 
iched normal levels. Open-heart surgery when 
lieated was considered to be the treatment of 
oice for ventricular septal defect, with or 
thout pulmonic stenosis. 

ROGERS 


idolph, W., Bernsmeier, A., and Blomer, H.: 
The Diagnosis of Atrial Septal Defect from 
Phonocardiographic and Auscultatory Findings. 
Arch. Kreislaufforsch. 31: 112 (Oct.), 1959. 


The heart sounds in 30 patients with confirmed 
rial septal defect (ostium secundum defect with 
t-to-right shunt) were examined phonocardio- 
aphieally and by auscultation. The recording 
is performed simultaneously with 2 microphones 
u! various sites of auscultation during breath 
holding, normal respiration, and cardiac cathe- 
terization. Simultaneous tracings were recorded 
o! the eleetrocardiogram, respiration, pressure 
pulses from various cardiac chambers as well as 
carotid pulse curves. The first sound was split 
in 17 patients. An early systolie ejection click 
was noted in 2 patients, which was correlated 
with a marked widening of the pulmonary artery. 
In all patients, a spindle-shaped systolie ejection 
iurmur was heard over the pulmonic area, with 
a maximum prior to midsystole and ending always 
hefore the aortie component of the second sound 
(relative pulmonary stenosis). The interval be- 
tween the 2 components of the second sound 
(which was split in all patients) remained prac- 
tically constant during respiration. In 2 patients, 
an early-diastolie, high-pitched, decreseendo mur- 
nur occurred over the pulmonary area as an 
expression of relative pulmonary insufficiency. 
A middiastolie murmur was heard in 19 patients. 
presystolie murmur was noted in 9 patients. 
6 patients the rapid pulse rate did not permit 
iferentiation between a middiastolie and pre- 
tolie murmurs or summation of these 2. In 
tients, both murmurs could be demonstrated 
arately. On the basis of these findings it 
eared possible to diagnose an atrial septal 
eet by means of phonoeardiogram and aus- 
tation. The combination of a systolic murmur 
r the pulmonary area, fixed splitting of the 
ond sound, and a middiastolie murmur charae- 
zed an atrial septal defect. 
BrACHFELD 


CONGESTIVE HEART FAILURE 


ckley, N. M., and Zeig, N. J.: Acute Uni- 
ateral Ventricular Failure in the Isolated Dog 
Heart. Am. J. Physiol. 197: 247 (July), 1959. 
\eute left ventricular failure was studied in 
‘ isolated dog heart exposed to elevated aortic 
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resistance. Experiments in which only the left 
ventricle performed mechanical work showed that 
progressive changes in distensibility and con- 
tractility occurred. When exposure to the ele- 
vated resistance was prolonged, the failure be- 
came hemodynamically irreversible and there was 
a loss of responsiveness to increases in filling 
pressure. Experiments in which both ventricles 
worked under separately controllable hemody- 
namie conditions established that acute failure 
did not develop in the adjacent right ventricle. 
The observations suggest that the unilateral ven- 
tricular failure involved a permanent alteration 
of the distensibility and contractility of the wall 
of the left ventricle as a result of a process that 
permitted the right ventricle to retain normal 
function. 
KAYDEN 


Rachmilewitz, M., Stein, Y., Aronovitch, M.&c., 
and Grossowicz, N.: Congestive Heart Failure. 
Arch. Int. Med. 104: 405 (Sept.), 1959. 
Liver-cell damage is associated with markedly 

increased levels of cyanocobalamin (vitamin B,») 

in the blood due to the release of this vitamin 

from damaged hepatic cells. This report deals 
with observations on eyanocobalamin activity in 
the serum of patients with congestive heart 
failure and hepatomegaly. This vitamin was in- 
creased in 23 of 28 patients suffering from severe 
chronie congestive heart failure. In these pa- 
tients the commonly used tests for hepatocellular 
function were usually normal. As the congestive 
heart failure was controlled, the levels of se- 
rum eyanocobalamin decreased considerably. The 
authors relate the increased release of this vita- 
min into the serum to anatomie changes in the 
hepatie architecture. These consist of centri- 
lobar necrosis, resulting from hepatie anoxia and 
hemorrhages from the distended sinusoids due 
to the increase in venous pressure. The highest 
levels of serum vitamin B,. were found in pa- 
tients with long-standing heart failure. 

KRAUSE 


Wener, J., Friedman, R., Mayman, A., and Schu- 
cher, R.: Hydrochlorothiazide (Hydrodiuril) in 
the Management of Cardiac Edema. Canad. 
M. A. J. 81: 211 (Aug. 15), 1959. 

The action of hydrochlorothiazide was observed 
during periods up to 3 months in 4 hospitalized 
and 27 ambulatory patients with congestive fail- 
ure due to acquired heart disease. All patients 
were previously under treatment including chloro- 
thiazide, digitalis, and sodium chloride restrie- 
tion to 4 to 6 Gm. daily. Therapeutic dosage 
was usually 50 to 100 mg. twice daily, the effec- 
tiveness of which was equal to that of 1 to 2 ml. 
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of meralluride. Thirteen patients responded fur- 
ther to hydrochlorothiazide in terms of weight 
reduction of 4 to 8 pounds. Several ceased to 
require mercurial diuretics. The diuretic response 
was prompt and included a nearly parallel in- 
crease in sodium and chloride output with lesser 
increases in elimination of magnesium and potas- 
sium. Few serum electrolyte imbalances were 
encountered, and only 1 instance of hypokalemia 
was noted. Side effects of therapy included dry- 
ness of the mouth, paresthesia of the face and 
hands, and gastrointestinal disturbances; but all 
were mild, and none required discontinuance of 
the drug. It was coneluded that hydrochloro- 
thiazide was more potent than chlorothiazide and 
caused fewer serum electrolyte disturbances. 
RoGErs 


White, K. L., Martin, D. A., and Vernon, C. R.: 
Venous Pressure, Emotions, and Congestive 
Heart Failure. J. Chron. Dis. 10: 163 (Sept.), 
1959. 

Little is known about the physiologic, psycho- 
logic, and environmental cireumstanees associated 
with the initiation of congestive heart failure. 
In many patients precipitating factors are diffi- 
cult to demonstrate. The literature dealing with 
the influence of emotional factors on certain as- 
pects of cardiovascular function is reviewed 
briefly. In an attempt to understand better the 
frequently unexplained onset of congestive heart 
failure, a series of studies was designed to ex- 
xmine the effects of emotional stimuli on central 
venous pressure and peripheral venous tone, 
and to evaluate the significance of specific emo- 
tional experiences in relation to the symptoms 
of congestive heart failure. Central venous pres- 
sure (CVP) was measured by means of a catheter 
advanced to the central veins. Peripheral venous 
segment -pressure (PVSP) was measured with 
the catheter tip in the forearm vein. CVP in- 
creased in response to physical stimuli, as lifting 
a 2 Kg. weight, to “neutral” and “stressful” 
rhetorical questions, and to repeated emotional 
stimuli in 25 studies of 22 patients, and to 
psychiatric interviews of 10 patients. The data 
justify these conclusions: experiences which a 
patient with heart disease considers emotionally 
“stressful” can be elicited and predicted with a 
fair degree of confidence during a short medical 
interview; in varying degrees of congestive fail- 
ure, rhetorical questions, which a patient con- 
siders intellectually and emotionally, are asso- 
ciated with varying but definite CVP increases 
of as much as 45 em. of water. Psychiatrie studies 
of patients may explain poor responses in spite 
of superior medical regimens. PVSP in 6 healthy 
subjects was modified by emotional stimuli, and 
was of greater magnitude and duration than seen 
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with physical stimuli. Disturbing life situatio 
and the emotional reactions evoked may cau 
recurrent and cumulative increases in periphe: 
and central venous pressure. 

MAXWELI 


CORONARY ARTERY DISEASE 


Alexander, W. D., Macdougall, A. I., Oliver, M. | 
and Boyd, G. S.: The Effect of Salicylate . 
the Serum Lipids and Lipoproteins in Cor 
nary Artery Disease Clin. Se. 18: 195, 1959. 
Aspirin was administered for 8 weeks to 

men and 4 postmenopausal women with hyp: 
cholesteremia and angina pectoris in doses 
5 to 8 Gm. daily, yielding a serum salicyla 
level of about 40 mg./100 ml. The serum chok 
terol was consistently reduced after 2 weeks 
treatment. Although basal metabolism was i 
creased, there was no increase in angina 
effort nor any change in the electrocardiogra: 
A second study was made after administrati 
of 3.3 Gm. and 5.0 Gm. of aspirin daily to 
hypercholesteremic men and of 4 and 8 G 
daily to 6 postmenopausal women. Doses les 
than 4 Gm. daily were ineffective. The group 
with the highest serum salicylate concentration 
showed the greatest decrease in serum cholesterol 
but the effect may not be directly related to an 
increase in metabolic rate. 


KURLAND 


Baronofsky, I. V., Senderoff, E., Welberry, A. D., 
and Kaneko, M.: Experience with Attempts at 
Ventricular Defibrillation in the Presence of 
Acute Coronary Occlusion. Ann. Surg. 151: 
193 (Feb.), 1960. 

Ventricular fibrillation is responsible for a 
great percentage of deaths following acute myo- 
cardial infaretion. There have been successful 
attempts at defibrillation reported but acceptance 
has been slow beeause of technies involved and 
the feeling that successful defibrillation is rare 
unless the occlusion is first removed. The authors 
have reported here on their method of defibrill:- 
tion in a series of 25 dogs in which myocardi 
infaretion was produced experimentally by lig 
tion of the anterior descending branch of t) 
left coronary artery. Twenty-two of the 25 a 
mals developed ventricular fibrillation within 
to 25 minutes following ligation. Eighteen 
the 22 dogs were successfully defibrillated. T! « 
method used was one of electrical countersho: \ 
into the fibrillating ventricles of 1.5 to 3.0 a 
peres, with a duration of 0.15 seeond and 
amplitude of 150 volts. The pulses ean be giv: 
as often as 1 per second. Three rapid shoe 
were given. If this was effective in restori 
a beat then 100 mg. of pronestyl and 0.5 mg. 
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bain were given by intracardiac injection. 
ligatures were left intact. If electrical coun- 
shock was ineffective after several attempts, 
mestyl was injected and countershock at- 
pted. With the return of an effective beat, 
‘bain was then given. In instances of refibriila- 
1, electrie defibrillation and massage were 
ized. In those instances in which response 
; not obtained with the above measures, 
nephrine and calcium were also utilized. All 
animals that survived 10 hours to 60 days 
uired only countershock, 100 mg. of pronestyl, 
1 0.6 mg. of ouabain for successful resuscita- 
u. In all but 3 of these countershock alone 
s effective. No dog that required more than 
above measures survived more than 3 hours 
spite of increased ouabain, calcium, and epi- 
shrine. Following ligation a large cyanotic 
a of infarction developed in an area corres- 
iding to distribution of the ligated vessel. 
is persisted in spite of return to an adequate 
it. Immediately following ligation there was 
urked decrease in the peripheral coronary artery 
pressure and reduction in coronary backflow. In 
those animals surviving 60 days these values 
increased and with barium injection studies 
anastomotie channels were demonstrated. With 
this experiment and an analysis of the human 
cases of suecessful defibrillation reported it would 
appear that countershock would be the most 
effective weapon probably best applied through 
the open chest. Multiple countershocks appear 
to be necessary. Pronestyl is successful in com- 
bating multiple premature ventricular contrac- 
tions and fibrillation. In these animals ouabain 
secned to inerease the effectiveness of cardiac 
contractions. 
LEVINSON 


Cohen, G., Dardick, I., and Greenblatt, J.: Pleu- 
risy and Pericarditis Complicating Myocardial 
Infarction. The So-Called Post Myocardial In- 
farction Syndrome. Canad. M.A.J. 82: 123 
Jan. 16), 1960. 


‘en case reports of this unusual syndrome 
e presented. Each followed typical acute 
eardial infarction by periods ranging from 
eral hours to 3 weeks. The syndrome was 
racterized by evidences of pleurisy with or 
hout effusion in all patients and by peri- 
ditis in at least 9 with pericardial effusion 
} or more of these. Pneumonitis was found in 
ustances, and cardiac tamponade was not ob- 
ved. There was moderate but variable fever. 
ide from electrocardiographie changes sug- 
ting pericarditis (in 3 patients) and roent- 
\lographie findings, laboratory data were of 
p only in a negative sense. Both the clinical 
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picture and course were variable, the duration 
ranging up to 3 months. Recurrences were ob- 
served in 5 patients. In these and in previously 
described examples the disorder has been benign 
and its importance lay chiefly in distinguishing 
it from new myocardial infarction, pulmonary 
infarction, or sepsis. Treatment was sympto- 
matic, although corticosteroid therapy was em- 
ployed in 2 patients, both with dramatic effect. 
Anticoagulant therapy generally was considered 
to be contraindicated during pericarditis. The 
pathogenesis remained speculative; viral infee- 
tion and hypersensitivity were thought possibly 
to be involved. 
ROGERS 


Gillot, P.: Therapeutic Value of L. 2329 in Angina 

Pectoris. Acta cardiol. 14: 494, 1959. 

One hundred and eighty patients with angina 
pectoris, without associated hypertension or val- 
vular lesions, were treated with L. 2329 (a benzo- 
furan derivative) for periods varying from 7 
months to 2 years. The daily doses varied from 
75 mg. to 450 mg.; 300 mg. had a therapeutic 
result in most cases. In 77 per cent of cases, a 
good or excellent effect was observed, manifest 
by a substantial reduction in the number of pain- 
ful attacks after effort or at rest, or in their 
total disappearance. In many ¢ases, an objective 
improvement in the electrocardiographie tracing 
was observed; this normalization occurred imme- 
diately when L. 2329 was given intravenously but 
more slowly after rectal or oral administration. 
No side effects on heart rate or blood pressure 
or thyroid function or on the blood components 
were observed. Toxic phenomena were never seen, 
even after the intravenous administration of 
large doses (450 mg). Slight gastrie intolerance 
occurred in 2 per cent of patients, after oral 
doses only. The onset of action of L. 2329 by 
mouth was much slower but of much longer dura- 
tion than that of nitroglycerin. 

BRACHFELD 


Kamil, M., and Klinger, I.: Time-Disintegration 
Capsules of Pentaerythritol Tetranitrate in 
Selected Anginal Group. New York State J. 
Med. 59: 3398 (Sept. 15), 1959. 

Nitroglycerin is the best medication to relieve 
the anginal distress of coronary insufficiency. 
Its chief disadvantage is its short duration of 
action, which limits its value as a prophylactic 
agent against anginal pain. For long-acting use 
the best drug seems to be pentaerythritol tetra- 
nitrate, and the authors tested the value of 
this chemical agent in timed-disintegration eap- 
sules. Twenty patients with coronary artery 
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insufficiency and angina pectoris showed an ex- 
cellent improvement by the reduction of from 
50 to 85 per cent in nitroglycerin requirements 
when treated with 2 such capsules daily 12 hours 
apart using a double-blind technic for 1 year. 
Using the single-blind technic 17 out of 20 pa- 
tients showed an excellent response. Oscillo- 
metric readings were improved 62 per cent in 
double-blind study groups and 56 per cent in 
the single-blind group. The ability to walk 
greater distances was prominent in both groups. 
Twenty patients treated for 12 months on 
placebos were dissatisfied and unimproved until 
they were placed on the continuous release medi- 
cation. This form of pentaerythritol tetranitrate 
has been shown to be remarkably more efficient 
for relieving angina for long periods of time 
than any other comparable medication. 
KRAUSE 


Kauntze, R., McGill, D., and Brock, R.: The Sur- 
gical Relief of Chronic Myocardial Ischaemia. 
Lancet 2: 631 (Oct. 24), 1959. 

Many surgical procedures have been devised in 
an attempt to inerease the blood supply to the 
ischemie myocardium by the development of a 
collateral circulation. There is no evidence that 
any of these operations are effective in bringing 
a new blood supply to the heart. However, a 
simple procedure was adopted of abrading the 
parietal and visceral pericardium to produce a 
myoeardial reaction sufficiently brisk to improve 
the intercoronary anastomoses. Oceasionally, in- 
ternal mammary ligation was included. The indi- 
cation for operation was progressive and in- 
capacitating angina without cardiac enlargement 
or cardiac failure unresponsive to medical ther- 
apy. Preoperative assessment included clinical 
and laboratory evaluation and a standard exercise 
test under stable conditions. Ten patients are 
deseribed with 1 death. The results were striking 
in 3 eases, good in 5 and slight in 1. Abrasion 
of the pericardium produces the electrocardio- 
graphie appearance of lateral wall infarction. 
Hence, postoperative assessment was mainly elini- 
eal. While the psychologic impact must be 
considerable, improvement in pain and effort 
dyspnea was greatest after 4 months when such 
effects might be expected to be waning. 


KuRLAND 


Laurie, W.. Woods, J. D., and Roach, G.: Coro- 
nary Heart Disease in the South African Bantu. 
Am. J. Cardiol. 5: 48 (Jan.), 1960. 

All 206 adult patients with cardiac symptoms 
admitted to the Edendale Hospital in Natal dur- 
ing a 6-month period were included in a clinical 
study, which was complemented by analysis of 
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a 12-month autopsy series of 243 patients age 
35 years and over. The presence of ischemic hea) 
disease was suspected clinically in 3 patien 
with possible myocardial infarction, 8 with a 
gina pectoris alone, and in 20 with angina ph . 
congestive heart failure of undetermined caus. . 
Anatomically, the coronary arteries appeared no - 
mal in 53 per cent of autopsies; 40 per ce 
showed slight arteriosclerosis, while severe st 
nosis or occlusion of 1 or more main corona 
arteries was found in 7 per cent. Myoeardi 
fibrosis was observed to a slight degree in 25 p 
cent, to a severe degree in 10 per cent and as 
frank infaret in 1.7 per cent. It is suggest: | 
that the South African Bantu has no immuni 
to coronary atherosclerosis or to resultant hea:{ 
disease but that he differs from Europeans wi 
more commonly present With acute myocardi:'| 
infarction. Instead, the Bantu tends to develip 
smaller myoeardial sears with resultant “erypt.- 
genic” heart failure. 

RoGErs 


Litvak, J., and Vineberg, A.: Experimental Grad- 
ual Arterial Occlusions with In Vitro and In 
Vivo Observations. Surgery 46: 953 (Nov.), 
1959. 

The development of a satisfactory technic for 
the production of gradual arterial occlusion is 
described. The final technie involved the use 
of a casein plastic sleeve encased in stainless 
steel. These produced gradual occlusion of ar- 
teries over reasonably predictable periods ot 
time. This occlusion resulted from reduction in 
external vessel diameter due to luminal swelling 
of the plastic, fibroplastic response of the arte- 
rial walls at the site of the sleeve, and the devel- 
opment of intraluminal thrombi arising concen- 
trically from the intima. If the occlusion was 
complete, there was a narrow zone of thrombotic 
material proximal and distal to the sleeve site. 
There was no evidence of embolization. These 
sleeves produced progressive myocardial ischen 
and infaretion in 12 dogs without complete a: 
tomie occlusion of coronary arteries. The dogs 
died from 4 to 26 days after thoracotomy. 
none of the animals studied were the arter: 
lumina completely occluded. 

SHEPS 


Mandelbaum, R. A., and Brackup, A. H.: My 
cardial Infarction during Gastrointestinal He 
orrhage. New York State J. Med. 59: 2: 
(Aug. 1), 1959. 

Cardiac involvement in extensive gastroint 
tinal bleeding is due to shock and acute anen 

The hypotension causes a decrease in coron: 
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ood flow and the anemia in itself interferes 
th myocardial metabolism. Therefore, treat- 
nt consists of pressor amines in sufficient 
1ounts to maintain the blood pressure and the 
e of blood transfusions in amounts equal to 
od loss. In order to prevent myocardial dam- 
e, treatment should be prompt. Two case 
ports are presented. 
KRAUSE 


armorston, J., Moore, F. J., Magidson, 0., 
Kuzma, O., and Lewis, J. J.: Effects of Long- 
Term Estrogen Therapy on Serum Cholesterol 
and Phospholipids in Men with Myocardial 
Infarction. Ann. Int. Med. 51: 972 (Nov.), 1959. 


{ group of 106 men with documented myo- 
rdial infarction were studied for a period of 
to 20 months at an outpatient cardiac clinic. 
ie patients were divided into 4 groups: 1 group 
Was given no medication and 3 groups received 
oval synthetie estrogen therapy. The drugs were 
ethinyl estradiol, conjugated equine estrogens 
(Premarin) and SC6924 (Manvene), and were 
administered to the maximum tolerated dose for 
each patient. In four fifths of the patients 
feminization effects were noted, and in the re- 
maining one fifth treatment had been given for 
only a short period of time. After 90 days of 
therapy the effects of estrogen on the serum 
lipids appeared to be maximal, and tended neither 
to increase nor decrease thereafter. The effects 
of the 3 estrogens appeared to be similar. Under 
estrogen therapy, initially high levels of serum 
cholesterol and the cholesterol to phospholipid 
ratio tended to fall, while initially low levels 
tended to remain unchanged or to rise. Untreated 
control patients showed little variation in their 
serum cholesterol levels. The changes in serum 
phospholipid levels in the treated group were 
qualitatively similar to the changes in serum 
cholesterol levels, but the phospholipid levels of 
the eontrol group also showed changes, high 
values falling and low levels rising. The differ- 
ences between the treated and untreated groups 
were not statistically significant. The effeets upon 
serum lipids of men receiving estrogen are similar 


r 
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to those previously reported for estrogen therapy 
in postmenopausal women. 
KAYDEN 


Oliver, M. F., and Boyd, G. S8.: Effect of Bilateral 
Ovariectomy on Coronary-artery Disease and 
Serum-lipid Levels. Lancet 2: 690 (Oct. 31), 
1959. 

A striking sex difference in the incidence of 
angina pectoris has long been recognized. A 
study was undertaken to determine whether a 
premature menopause was followed by a signi- 
ficant change in the incidence of coronary artery 
disease and in cholesterol levels. Since the peak 
incidence of coronary disease in women is about 
15 years after the menopause, it was decided 
to investigate women who had had surgical re- 
moval of both ovaries, 20 or more years pre- 
viously. These were compared to a group who 
had undergone only unilateral oophorectomy. In- 
formation was also sought about the incidence 
of coronary artery disease in a healthy popula- 
tion from a general practice in Edinburgh. During 
the 20 years since operation, features of coro- 
nary disease developed in 9 of 36 women who 
had bilateral operation and in 1 of 31 who had had 
unilateral ovariectomy. One woman in the bi- 
lateral ovariectomy group died from myocardial 
infaretion before the study. There was no differ- 
ence in the prevalence of diastolic hypertension 
or obesity between the groups. There was a 
significant elevation of serum cholesterol and the 
phospholipid ratio in the bilateral group com- 
pared to the unilateral group. Among the women 
with bilaterally oophorectomy, the serum lipids 
of those with coronary artery disease were not 
different from those without coronary disease. 
The findings indicate that clinical coronary artery 
disease and elevated serum cholesterol are more 
common in women who have had both ovaries 
removed prematurely than in those who have 
had only 1 ovary removed. It is suggested that 
where possible, complete removal of both ovaries 
be avoided and, if unavoidable, replacement ther- 
apy should be administered to the age of 50. 

KURLAND 
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AHA Scientific Sessions Program 

The AHA Committee on Scientific Sessions 
Program has selected 120 original scientific 
papers from a total of 392 submitted for con- 
sideration to be presented at the American 
Heart <Association’s 33rd annual Scientific 
Sessions. The sessions will be held from Fri- 
day, October 21 through Sunday, October 23 
at Kiel Auditorium, St. Louis. These p~esen- 
tations will be made at Scientific Sessions 
under sponsorship of the Association ’s Coun- 
cils and during six simultaneous sessions of 
broad clinical interest. 

Registrants holding confirmed hotel reser- 
vations prior to September 30 will be mailed 
a copy of the full program and abstracts of 
papers prior to the meeting. These will also 
be published as a supplement to the October 
issue of Circulation. 

Highlights of the Scientific Sessions pro- 
gram are: 


Friday, October 21: 

Lewis A. Conner Memoria! Lecture, ‘‘ Phy- 
siology of the Circulation as Viewed by the 
Internist’? by Eugene A. Stead, Jr., M. D., 
Professor and Chairman of Medicine, Duke 
University School of Medicine ; joint program 
of AHA Council on Clinical Cardiology and 
American College of Cardiology ; symposium 
on ‘‘Atrial Arrhythmias’’; concurrent ses- 
sions on arteriosclerosis, rheumatic fever and 
congenital heart disease, and circulation ; and 
a session for dentists. 

On Friday evening, ‘‘Fireside Confer- 
ences’’ are scheduled under joint sponsorship 
with the American College of Cardiology. 
These will be held at the Sheraton-Jefferson 
Hotel. 


Saturday, October 22: 

Symposium on ‘‘Problems in the Diagno 
and Treatment of Curable Hypertension 
session on ‘‘ Biophysical Methods in the Stu: 
of Cireulation’’; George £. Brown Memori 
Lecture, ‘‘Clinical Physiology of the Splanc 
nic Cireulation,’’ by Stanley E. Bradle 
M.D., Professor of Medicine and Chairm: 
of the Department, Columbia University C 
lege of Physicians and Surgeons ; symposiu 
on ‘‘ Ventricular Septal Defects’’; and mor 


ing and afternoon sessions for nurses. 


Sunday, October 23: 

Symposia on ‘‘Complete Heart Block.”’ 
‘*Nondietary Factors in Coronary Artery Dis- 
ease’’; and ‘‘Lipids and Arteriosclerosis’’ 
panel on ‘“‘Surgery for Extracranial Occlusive 
Cerebrovascular Disease.’’ There will be 
morning and afternoon sessions on cardiovas- 
cular films, each to be introduced and dis- 
cussed by the author or other authority on the 
subject. 

As in previous years, scientific and indns- 
trial exhibits will be on display in the Audi- 
torium. 

Registration and accommodation  fornis 
may be obtained from the American Heart 
Association, 44 East 23rd Street, New York 
10, N. Y. 


AHA Annual Assembly Meeting 


The 35th Annual Meeting of the Assemb'y, 
delegate body of the American Heart Assoc ‘- 
tion, begins on Monday, October 24, and ec 1- 


tinues through Tuesday, October 25 in *t. 
Louis’ Sheraton-Jefferson Hotel. 


Assembly delegates are invited to attend 1 


Circulation, Volume XXII, September i 50 





AMERICAN HEART ASSOCIATION 


op: ul press conference on Sunday afternoon 
on ihe subject of heart attacks. The Confer- 
ene, under sponsorship of the Council on 
(« imunity Service and Education, will be 
erated by Irvine H. Page, M. D., Director, 
arch Division, Cleveland Clinic Founda- 
and former AHA President. 
ie opening general session on Monday 
ing will hear a report on recent achieve- 
ts in medical and biological research pre- 
ser cd by James V. Warren, M. D., Professor 
of \ledicine and Chairman, Department of 
Ini rnal Medicine, University of Texas Medi- 
sranch, Galveston. 

Seven Assembly Panels will meet all day 
Monday to discuss the Association’s programs 
and policies. The general Assembly convenes 
on luesday morning to discuss Panel recom- 
mendations and elect AHA officers and Board 
members. 

The Association’s Annual Dinner will be 
held in the Sheraton-Jefferson Hotel on Sun- 


day evening. 


AHA Grant-In-Aid Applications 
Deadline is November 1 
Applications for Heart Association 
grants-in-aid for the fiscal year begin- 
ning July 1, 1961 must be received by 
the Assistant Medical Director for Re- 
search at the AHA National Office, 44 
Kast 23rd Street, New York 10, N. Y.. 
not later than November 1, 1960. The 
deadline for submitting applications for 
Research Fellowships and Established 
liivestigatorships was September 15. 
All applications must be submitted on 
rms obtainable from the Association. 
{rants are made to non-profit institu- 
ms in direct support of a particular 
vestigator for a specifie program of 
search under his direction. Awards 
e in support of research in the cardio- 


{ 


iscular field or basie sciences for pe- 
ods up to five years. 
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Affiliates Contribute $81,000 
To Supplement National Research 

The Iowa Heart Association has contributed 
$34,000 to supplement the AHA national 
research program. This brings to $81,304 the 
total contributed by Heart Associations over 
amounts regularly assigned toward the sup- 
port of research in fiscal 1960-61 which the 
AHA Research Committee approved, but 
which could not be financed for lack of funds. 

The Iowa contribution is in full support 
of grants to Drs. John W. Eckstein and 
Francois M. Abboud, State University of lowa 
College of Medicine; Lyte H. Hamilton, Mar- 
quette University School of Medicine; Peter 
V. Moulder, University of Chicago School of 
Medicine; Laurence 0. Pilgeram, St. Barna- 
bas Hospital, Minneapolis; and in partial sup- 
port of the grant to Colin H. Walker, Univer- 
sity of Colorado Medical Center. 

In addition to those previously announced, 
funds have been received from Heart Associa- 
tions through July 15, 1960 as follows: 

Il inois, $18,200, full support, Established 
Investigatorships, Dr. Ruth Pick, Michael 
Reese Hospital, Dr. Victor Pollak, University 
of Illinois College of Medicine; Napa Valley 
(Cal.), $1000, partial support, grant, Dr. 
Richard J. Havel, University of California 
Medical Center; Northwestern Ohio, $1001, 
partial support, grant, Dr. Ancel Keys, Uni- 
versity of Minnesota School of Public Health; 
Orange County (N.Y.), $5500, full support, 
grant, Dr. Alan J. Johnson. New York Univer- 
sity-Bellevue Medical Center ; Roanoke Valley 
(Va.), $2000, partial support, fellowship, Dr. 
Ruben G. Lancestremere, Medical College of 
Virginia; and Stamford-Darien-New Haven 
(Conn.), $9603, full support, grant, Dr. Allen 
V. N. Goodyer, Yale University School of 


Medicine. 


Lay Film on Congestive Failure 
Available for Use by Physicians 
A new film, ‘‘Congestive Heart Failure,’’ 
which may be used by physicians as a visuat 
aid when addressing lay and paramedical 
groups, is available from local Heart Associa- 
tions or from the American Heart Association. 





498 


Last in the series of eight films on the ear- 


diovascular system and its diseases for lay 


audiences, it shows by means of animation the 
nature and treatment of congestive heart fail- 
ure. A 16mm. color film which runs 814-min- 
utes, it was produced for the Association and 
its affiliates by Churchill-Wexler Film Pro- 
ductions. 

Previous films in the series available to 
physicians are on the following subjects: cir- 
culation, congenital heart defects, coronary 
heart disease, hypertension, rheumatic heart 
disease, strokes and varicose veins. 


Reference Book Available On 
Heart Disease Dietary Aspects 
A new booklet of selected references on 
‘‘Dietary Aspects of Cardiovascular Dis- 
eases’’ has been compiled by the U.S. Depart- 
ment of Health, Education and Welfare for 
use by professional health personnel. It is 
available to physicians at no cost from the 
Heart Disease Control Program, U.S. Public 
Health Service, Washington 25, D.C. 


Meetings Calendar 

September 26-30: Intersociety Committee on 
Pathology Information, Chicago. Lura Jack- 
son, 1785 Massachusetts Ave., Washington 6, 
D. C. 

September 27-30: American Roentgen Ray So- 
ciety, Atlantic City. Hugh Jones, 20 N. Wacker 
Drive, Chicago 6, Il. 

October 10-14: American College of Surgeons, 
Clinical Congress, San Francisco. W. E. 
Adams, 40 E. Erie St., Chieago 11, IIl. 

October 21-23: American College of Cardiology, 
9th Interim Meeting, St. Louis. Philip Reich- 
ert, American College of Cardiology, 350 Fifth 
Avenue, New York, N. Y. 


AMERICAN HEART ASSOCIATIC YN 


October 21-25: American Heart Association, A 
nual Meeting and Scientific Sessions (Octo 
21-23), St. Louis. American Heart Associati 
44 East 23rd Street, New York 10, N. Y. 

October 31-November 2: Association of Ameri 
Medical Colleges, Hollywood Beach, Fla. W. y 
Darley, 2530 Ridge Ave., Evanston, III. 

October 30-November 4: American Public He 
Association, San Francisco. B. F. Matti 
1790 Broadway, New York 19, N. Y. 

November 3-4: International Conference “Mu 
as a Tissue,” Philadelphia. K. Rodahl, | 
kenau Hospital, Philadelphia 31, Pa. 

November 16-18: International Symposium “ 
ology of Myocardial Infaretion,” Det: 
Thomas N. James, Henry Ford Hospital, 
troit 2, Mich. : 

November 28-December 2: American Medical 
sociation, Clinical Meeting, Washington, D. (. 
F. J. L. Blasingame, 535 N. Dearborn, Chic.ig 
10, Il. 

November 30-December 3: Canadian Heart A 
ciation and National Heart Foundation 
Canada, Toronto. J. B. Armstrong, 501 Youg 
Street, Toronto 5, Canada. 

1961 

February 8-11: American College of Radiology, 
Chicago. W. C. Stronach, 20 N. Wacker Drive, 
Chicago 6, III. 

Mareh 20-24: American Surgical Association, 
Boca Raton, Fla. W. A. Altemeier, Cincinnati 
General Hospital, Cincinnati 29, Ohio. 


Abroad 

September 18-25: European Congress of Cardiol- 
ogy, Rome. V. Puddu, Clinica Medica, Univer- 
sity of Rome, Italy. 

October 19-23: Symposium on Rheumatic Jis- 
eases, Ixtapan, Mexico. General Tours, Inc., 
595 Madison Ave., New York 22, N. Y. 

1962 

October: Fourth World Congress on Cardiology, 
Mexico City. I. Chavez, Ave. Cuauhtemoc, 300, 
Mexico, D. F. 
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